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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide an 
aligner which can implement various kinds of 
self- measurement without using specialized 
original plate for measurement. 
SOLUTION: The aligner 1 00 is equipped with a 
reticle FM plate RFM whereupon a plurality of 
kinds of marks for various kinds of self- 
measurement are formed, a mobile stage RST on 
which the reticle FM plate RMF is placed, and a 
space image measuring instrument 59 including 
a slit plate 90 on which a slit 22 is formed. By 
means of the stage RST, the marks for 
measurement for various kinds of self- 
measurement being formed on RMF of the 
reticle FM plate are individually positioned in 
the vicinity of focal plane position of an object 
side on a projected optical system PL which is 
possible to be illuminated by an illumination 
light IL, and the illumination light IL is applied 
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on the measuring mark, and by means of 

measuring the space image of the measuring mark by using the space image measuring 
instrument 59, then various kinds of self-measurement becomes possible without 
preparing the specialized original plate for measurement additionally. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The original edition for self-measurement with which it is the aligner which illuminates a 
predetermined pattern by the illumination light and imprints said pattern on a substrate through a projection 
optical system, and two or more kinds of the measurement marks used for various self-measurement were 
formed; an aligner equipped with the original -edition installation stage for self-measurement and; which 
said original edition for self-measurement is laid, and can move said original edition for self-measurement 
near the body side focal plane location of said projection optical system which can be illuminated by said 
illumination light. 

[Claim 2] The pattern formation member in which it has been arranged in a two-dimensional side vertical to 
the optical axis of said projection optical system, and the pattern for measurement was formed, The space 
image measuring instrument which has the optoelectric transducer which carries out photo electric 
translation of said illumination light through said pattern for measurement; Said some of original editions 
[ at least ] for self-measurement are illuminated by said illumination light. When the space image of said 
pattern for measurement illuminated by said projection optical system by said illumination light near the 
image side focal plane is formed The aligner according to claim 1 characterized by having further the 
migration control unit to which at least one side of said original edition installation stage for self- 
measurement and said pattern formation member is moved so that the relative scan of this space image and 
said pattern for measurement may be carried out, and;. 

[Claim 3] Said original edition installation stage for self-measurement is an aligner according to claim 1 or 2 
characterized by being the mask stage in which the mask with which said predetermined pattern was formed 
is laid. 

[Claim 4] The observation microscope which observes the mark which exists on the substrate stage in which 
the reference mark was prepared, and the; aforementioned mask stage while said substrate is laid; in case 
said substrate is exposed by the lot unit At the time of exposure of the substrate of each lot head, said 
original edition for self-measurement, said space image measuring instrument, And while performing space 
image measurement of the measurement mark on said original edition for self-measurement using said 
driving gear and computing the scale factor of said projection optical system based on the measurement 
result At the time of exposure of substrates other than the head in said each lot The image through the 
projection optical system of one mark of the original edition for self-measurement and said mask and the 
reference mark on said substrate stage is observed using said observation microscope. The aligner according 
to claim 3 characterized by having further the control unit which computes the scale factor of said projection 
optical system based on the observation result, and;. 

[Claim 5] Said original edition for self-measurement is an aligner according to claim 1 or 2 characterized by 
being the mask with which said predetermined pattern was formed. 

[Claim 6] An aligner given in any 1 term of claims 1 -5 characterized by containing at least one of the 
distortion measurement mark of said projection optical system, the repeat mark for best focus measurement, 
the false isolated line mark for best focus measurement, and the alignment marks for the superposition error 
measurement with said substrate in the measurement mark formed in said original edition for self- 
measurement. 

[Claim 7] An aligner given in any 1 term of claims 1 -5 characterized by containing an isolated line mark, 
and the line and space mark which have a predetermined pitch in the measurement mark formed in said 
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original edition for self-measurement. 

[Claim 8] Are the optical property measurement approach which measures the optical property of a 
projection optical system, and locate a measurement mark in the 1st detecting point within the effective 
visual field of said projection optical system, and the space image of the measurement mark is formed. Said 
space image is received in the 1st location about the direction of an optical axis of said projection optical 
system. Photo electric translation of the light which scanned the pattern for measurement relatively and 
minded said pattern for measurement is carried out. The process which measures the optical intensity 
distribution corresponding to said space image; Locate the same as that of a measurement mark, or a 
different measurement mark in the 2nd detecting point within the effective visual field of said projection 
optical system, and the space image of the measurement mark is formed. Said space image is received in the 
2nd location about the direction of an optical axis of said projection optical system. The process which 
carries out photo electric translation of the light which scanned said pattern for measurement relatively and 
minded said pattern for measurement, and measures the optical intensity distribution corresponding to said 
space image; When said pattern for measurement is in the 1st location of said direction of an optical axis 
The 1st image formation location within the field which intersects perpendicularly with said optical axis of 
said space image obtained from the measurement result 0 f a ****** space image, It asks for relative- 
position relation with the 2nd image formation location within the field which intersects perpendicularly 
with said optical axis of said space image obtained from the measurement result of said space image in case 
said pattern for measurement is in the 2nd location of said direction of an optical axis. The optical property 
measurement approach containing the process which computes the telecentricity of said projection optical 
system from this relative-position relation, and;. 

[Claim 9] The device manufacture approach which is the device manufacture approach including a 
lithography process, and is characterized by exposing using the aligner of a publication in any 1 term of 
claims 1-7 at said lithography process. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an aligner, the optical property measurement approach, and 
the device manufacture approach, and relates to the suitable optical property measurement approach for 
measurement of the optical property of the projection optical system which constitutes the aligner used in 
more detail at the lithography process which manufactures a semiconductor device, a liquid crystal display 
component, etc., and this aligner, and the device manufacture approach using said aligner. 
[0002] 

[Description of the Prior Art] Conventionally, in case a semiconductor device or a liquid crystal display 
component is manufactured at a photolithography process, the projection aligner imprinted on substrates, 
such as a wafer with which the photo mask or the pattern of reticle (it is hereafter named "reticle" 
generically) was applied to sensitization agents, such as a photoresist, by the front face through the 
projection optical system, or a glass plate, for example, the cutback projection aligner of a step-and-repeat 
method, (the so-called stepper), the scanning projection aligner (the so-called scanning stepper) of step - and 
- scanning method, etc. are used. 

[0003] By the way, since it is necessary to accumulate a different circuit pattern on many layers, and to form 
it on a substrate to manufacture a semiconductor device etc., it is important to lay the reticle by which the 
circuit pattern was drawn, and the pattern already formed in each shot field on a substrate on top of 
accuracy. In order to perform this superposition with a sufficient precision, it is indispensable that the 
optical property of a projection optical system is adjusted to a desired condition. 

[0004] It is necessary to measure an optical property to accuracy as a premise of adjustment of the optical 
property of this projection optical system. It exposes using the mask for measurement with which the 
predetermined pattern for measurement was formed as the measurement approach of this optical property, 
and the approach (it is hereafter called the "burning method") of computing an optical property based on the 
measurement result of having measured the resist image from which the projection image of the pattern for 
measurement develops the substrate by which imprint formation was carried out, and is acquired is mainly 
used. In addition, without exposing actually, the space image (projection image) of the pattern for 
measurement which illuminated the mask for measurement by the illumination light, and was formed of the 
projection optical system is measured, and the approach (it is hereafter called "space image mensuration") of 
computing an optical property based on this measurement result is also performed. About detection of the 
distortion of the projection optical system based on measurement and this of this space image etc., it is 
indicated by ******10-209031 ******** etc at fa e detail, for example. 
[0005] 

[Problem(s) to be Solved by the Invention] In the conventional aligner, when performing the so-called self- 
measurement which measures the optical property of the projection optical system carried, for example etc. 
using the space image measuring instrument which oneself has, and other measuring instruments, the reticle 
only for measurement (it is hereafter called "exclusive reticle") in which the mark for measurement was 
formed was mainly used. 

[0006] However, since it is necessary to perform especially various kinds of self-measurement with the 
latest aligner by having to equip equipment with the exclusive reticle at every measurement to perform **** 
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self-measurement for exclusive reticles, for example, when performing various self-measurement 
continuously, it must exchange at every measurement to different exclusive reticle. For this reason, 
management of that activity itself and exclusive reticle was complicated. 

[0007] Moreover, whenever it equipped equipment with exclusive reticle, the position of the exclusive 
reticle might change, and the measurement error might be produced. Moreover, during the time of 
anticipated use, for example, continuous running, when using exclusive reticle, since the swap time of 
exclusive reticle and the reticle for device manufacture caused throughput lowering of an aligner, it was 
difficult [ it ] to measure so frequently. 

[0008] Moreover, by space image measurement, when the optical property of a projection optical system 
was measured, the location of the space image within the field which intersects perpendicularly with the 
optical axis might be measured, the optical property of a projection optical system might be computed based 
on the measurement result, but while measuring in such a case, the measurement error resulting from the 
drift of the laser interferometer which measures the location of a space image measuring instrument etc. 
might occur. 

[0009] This invention was made under this situation, and the 1st object is in offering the aligner which can 

perform various self-measurement, without using the original edition for measurement of dedication. 

[0010] The 2nd object of this invention is to offer the optical property measurement approach which can 

measure the telecentricity of a projection optical system with a sufficient precision. 

[001 1] The 3rd object of this invention is to offer the device manufacture approach which can raise the 

productivity of a device. 

[0012] 

[Means for Solving the Problem] An aligner according to claim 1 illuminates a predetermined pattern by the 
illumination light. It is the aligner which imprints said pattern on a substrate through a projection optical 
system. The original edition for self-measurement with which two or more kinds of measurement marks 
used for various self-measurement were formed; Said original edition for self-measurement is laid. It has the 
original edition installation stage for self-measurement and; which can move said original edition for self- 
measurement near the body side focal plane location of said projection optical system which can be 
illuminated by said illumination light. 

[0013] According to this, all of two or more kinds of measurement marks used for the various self- 
measurement formed in the original edition for self-measurement of the original edition installation stage for 
self-measurement near the body side focal plane location of the projection optical system which can be 
illuminated by the illumination light can be located. For this reason, various self-measurement is attained, 
without preparing the original edition for measurement of dedication independently by irradiating the 
illumination light at a measurement mark, carrying out image formation of the image of that measurement 
mark near the image side focal focus of a projection optical system, and detecting that image. 
[0014] In this case, the pattern formation member in which it has been arranged in a two-dimensional side 
vertical to the optical axis of said projection optical system like an aligner according to claim 2, and the 
pattern for measurement was formed, The space image measuring instrument which has the optoelectric 
transducer which carries out photo electric translation of said illumination light through said pattern for 
measurement; Said some of original editions [ at least ] for self-measurement are illuminated by said 
illumination light. When the space image of said pattern for measurement illuminated by said projection 
optical system by said illumination light near the image side focal plane is formed Suppose that it has 
further the migration control unit to which at least one side of said original edition installation stage for self- 
measurement and said pattern formation member is moved so that the relative scan of this space image and 
said pattern for measurement may be carried out, and;. 

[0015] In each aligner given in above-mentioned claims 1 and 2, said original edition installation stage for 
self-measurement can presuppose that it is said original edition installation stage for self-measurement the 
mask stage in which the mask with which said predetermined pattern was formed is laid like an aligner 
according to claim 3. 

[0016] In this case, while said substrate is laid like an aligner according to claim 4 The observation 
microscope which observes the mark which exists on the substrate stage in which the reference mark was 
prepared, and the; aforementioned mask stage; in case said substrate is exposed by the lot unit At the time of 
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exposure of the substrate of each lot head, said original edition for self-measurement, said space image 
measuring instrument, And while performing space image measurement of the measurement mark on said 
original edition for self-measurement using said driving gear and computing the scale factor of said 
projection optical system based on the measurement result At the time of exposure of substrates other than 
the head in said each lot The image through the projection optical system of one mark of the original edition 
for self-measurement and said mask and the reference mark on said substrate stage can be observed using 
said observation microscope, and suppose that it has further the control unit which computes the scale factor 
of said projection optical system based on the observation result, and;. 

[0017] Suppose that it is said original edition for self-measurement the mask with which said predetermined 
pattern was formed like invention according to claim 5 in each aligner given in above-mentioned claims 1 
and 2. 

[0018] Suppose that at least one of the distortion measurement mark of said projection optical system, the 
repeat mark for best focus measurement, the false isolated line mark for best focus measurement, and the 
alignment marks for the superposition error measurement with said substrate is contained in the 
measurement mark formed in above-mentioned claims 1-5 like the aligner according to claim 6 in each 
aligner of a publication at said original edition for self-measurement. 

[001 9] Suppose that an isolated line mark, and the line and space mark which have a predetermined pitch 
are contained in the measurement mark formed in above-mentioned claims 1 -5 like the aligner according to 
claim 7 in each aligner of a publication at said original edition for self-measurement. 
[0020] The optical property measurement approach according to claim 8 is the optical property 
measurement approach which measures the optical property of a projection optical system. Locate a 
measurement mark in the 1st detecting point within the effective visual field of said projection optical 
system, and the space image of the measurement mark is formed. Said space image is received in the 1st 
location about the direction of an optical axis of said projection optical system. Photo electric translation of 
the light which scanned the pattern for measurement relatively and minded said pattern for measurement is 
carried out. The process which measures the optical intensity distribution corresponding to said space 
image; Locate the same as that of a measurement mark, or a different measurement mark in the 2nd 
detecting point within the effective visual field of said projection optical system, and the space image of the 
measurement mark is formed. Said space image is received in the 2nd location about the direction of an 
optical axis of said projection optical system. The process which carries out photo electric translation of the 
light which scanned said pattern for measurement relatively and minded said pattern for measurement, and 
measures the optical intensity distribution corresponding to said space image; When said pattern for 
measurement is in the 1 st location of said direction of an optical axis The image formation location within 
the field which intersects perpendicularly with said optical axis of said space image obtained from the 
measurement result 0 f a ****** space image, It asks for relative-position relation with the image formation 
location within the field which intersects perpendicularly with said optical axis of said space image obtained 
from the measurement result of said space image in case said pattern for measurement is in the 2nd location 
of said direction of an optical axis, and the process and; which compute the telecentricity of said projection 
optical system from this relative-position relation are included. 

[0021] The image formation location within the field which intersects perpendicularly with the optical axis 
of the space image obtained from the measurement result of having measured the space image of the 
measurement mark located in the 1st detecting point within the effective visual field of a projection optical 
system in the field corresponding to the 1st location of the direction of an optical axis according to this The 
image formation location within the field which intersects perpendicularly with the optical axis of the space 
image obtained from the measurement result of having measured the space image of the measurement mark 
located in the 2nd detecting point within (it being hereafter called "the 1st image formation location") and 
the effective visual field of a projection optical system in the field corresponding to the 2nd location of the 
direction of an optical axis (hereafter) A relative distance with the relative-position relation called "the 2nd 
image formation location", i.e., the 1st image formation location in the optical-axis orthotomic surface, and 
the 2nd image formation location, And since the telecentricity of a projection optical system is computed 
based on the distance of the 1 st location of the direction of an optical axis, and the 2nd location For 
example, when measurement values, such as a laser interferometer, are used on the occasion of 
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measurement of the 1st image formation location and the 2nd image formation location Even if the drift etc. 
has arisen in the laser interferometer, as a result of including an equivalent error in the measurement result 
of the 1 st image formation location and the 2nd image formation location, highly precise measurement of 
the telecentricity which does not almost have the effect of the measurement error resulting from an 
interferometer drift etc. is attained. 

[0022] The device manufacture approach according to claim 9 is the device manufacture approach including 
a lithography process, and is characterized by exposing using the aligner of a publication in any 1 term of 
claims 1-7 at said lithography process. 
[0023] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this invention is explained based on 
drawing 1 - drawing 16 . The rough configuration of the aligner 1 00 concerning 1 operation gestalt is shown 
in drawing 1 . This aligner 100 is step - and the scanning projection aligner of - scanning method, i.e., the 
so-called scanning stepper. 

[0024] This aligner 100 is equipped with the control system which holds the illumination system 10 
containing the light source and an illumination-light study system, the reticle stage RST holding the reticle 
R as a mask, a projection optical system PL, and the wafer W as a substrate, and controls the wafer stage 
WST as a substrate stage movable free, and these for the inside of XY flat surface. 

[0025] Said illumination system 10 is constituted including a reticle blind, a condensing lens system, etc. as 
the light source, illuminance equalization optical system (it consists of a collimator lens, a fly eye lens, etc.), 
an illumination system aperture-diaphragm plate (the circular aperture diaphragm for lighting, small mho 
drawing for small mho lighting, zona-orbicularis drawing for zona-orbicularis lighting, quadrupole drawing 
for deformation lighting, etc. are usually mostly formed by the equiangular distance), a relay lens system, 
and illuminated viewing field drawing (all are graphic display abbreviations at drawing 1 ). 
[0026] As said light source, the excimer laser which outputs KrF excimer laser light (wavelength of 248nm) 
or ArF excimer laser light (wavelength of 193nm) shall be used as an example here. 
[0027] Said reticle blind consists of movable reticle blinds 12 (refer to a graphic display abbreviation and 
drawing 2 in drawing 1 ) adjustable in the fixed reticle blind and the opening configuration where it does not 
illustrate [ of immobilization of an opening configuration ]. A fixed reticle blind is arranged in the field 
slightly defocused from its conjugation side near the pattern side of Reticle R, and rectangle opening which 
specifies the lighting field (the width of face of Y shaft orientations which are longitudinal directions in 
space in elongation drawin g 1 long and slender to X shaft orientations which are the space rectangular cross 
directions in drawing 1 is the lighting field of the shape of a rectangle slit of predetermined width of face) 
IAR of the shape of a rectangle slit on Reticle R is formed. Moreover, the movable reticle blind 12 is 
arranged in the conjugation side over the pattern side of Reticle R, and the location and width of face of a 
direction corresponding to the scanning direction (here, it considers as Y shaft orientations) and the non- 
scanning direction (it considers as X shaft orientations) at the time of scan exposure have adjustable 
opening, respectively. However, by drawin g 2 and drawing 3 , in order to simplify explanation, the movable 
reticle blind 12 is shown are arranged to Reticle R at the illumination system close-attendants side. 
[0028] According to the illumination system 10, after the illumination light (it is hereafter called "the 
illumination light IL") as an exposure light generated in the light source passes a non-illustrated shutter, it is 
changed into the flux of light with almost uniform illuminance distribution according to illuminance 
equalization optical system, the illumination light IL injected from illuminance equalization optical system - 
- either on an illumination system aperture diaphragm plate ~ said reticle blind is reached through an 
aperture diaphragm and a relay lens system. The flux of light which passed this reticle blind illuminates the 
lighting field IAR of Reticle R on which the relay lens system and the condensing lens system were passed, 
and the circuit pattern etc. was drawn with a uniform illuminance. 

[0029] In addition, the movable reticle blind 12 is controlled by the main control unit 20 at the time of 
initiation of scan exposure, and termination, and exposure of an unnecessary part is prevented by restricting 
the lighting field IAR further. Moreover, the movable reticle blind 12 is used also for setting out of the 
lighting field in the case of measurement of the space image by the space image measuring instrument 
mentioned later with this operation gestalt. 

[0030] Reticle R is being fixed by for example, vacuum adsorption (or electrostatic adsorption) on said 
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reticle stage RST. A reticle stage RST is movable here at the scan speed specified as Y shaft orientations in 
the reticle base 26 top while it can be driven very small two-dimensional in XY flat surface vertical to the 
optical axis AX of the projection optical system PL later mentioned by the reticle stage drive system which 
is not illustrated containing a linear motor etc. (to hand of cut of the circumference of the Z-axis which 
intersects perpendicularly with X shaft orientations, Y shaft orientations, and XY flat surface (the direction 
of thetaz)). This reticle stage RST has the migration stroke of Y shaft orientations to which the whole 
surface of Reticle R can cross the optical axis AX of a projection optical system PL at least. 
[003 1 ] Near the -Y side edge section of a reticle stage RST, the reticle fiducial mark plate (it is hereafter 
sketched as a "reticle mark plate") RFM as the original edition for self-measurement is arranged together 
with Reticle R in accordance with X shaft orientations. This reticle mark plate RFM consists of the glass 
raw material of Reticle R and this construction material, for example, synthetic quartz, the fluoride crystal 
of a fluorite, lithium fluoride, and others, etc., and is being fixed to the reticle stage RST. In addition, about 
the concrete configuration of this reticle mark plate RFM, it mentions later. The reticle stage RST has the 
migration stroke of Y shaft orientations which are extent to which the whole surface of Reticle R and the 
whole surface of the reticle mark plate RFM can cross the optical axis AX of a projection optical system PL 
at least. 

[0032] Moreover, opening used as the path of the illumination light IL of Reticle R and the reticle mark 
plate RFM is caudad formed in the reticle stage RST, respectively. Moreover, opening of a bigger rectangle 
than the lighting field IAR used as the path of the illumination light IL of the projection optical system PL 
of the reticle base 26 is mostly formed by the part right above. 

[0033] On the reticle stage RST, the migration mirror 15 which reflects the laser beam from the reticle laser 
interferometer (henceforth a "reticle interferometer") 13 is being fixed, and the location within XY side of a 
reticle stage RST (a revolution of the direction of thetaz which is a hand of cut of the circumference of the 
Z-axis is included) is always detected by the reticle interferometer 13 with the resolution of about 0.5- lnm. 
here, on a reticle stage RST, the migration mirror which has the reflector which intersects perpendicularly 
with the migration mirror which has the reflector which intersects perpendicularly with the scanning 
direction at the time of scan exposure (Y shaft orientations), and a non-scanning direction (X shaft 
orientations) prepares actually — having — the reticle interferometer 1 3 — these are typically shown for 1 
**** eclipse ****** to Y shaft orientations by drawing 1 as the migration mirror 15 and a reticle 
interferometer 1 3 at least at biaxial and X shaft orientations. 

[0034] The positional information of the reticle stage RST from the reticle interferometer 13 is sent to the 
main control unit 20 which consists of a workstation (or microcomputer), and carries out actuation control 
of the reticle stage RST through a reticle stage drive system based on the positional information of a reticle 
stage RST in a main control unit 20. 

[0035] moreover, above Reticle R A projection optical system PL is minded. As an observation microscope 
which consists of the TTR (Through The Reticle) alignment system using the exposure wavelength for 
observing simultaneously the mark on Reticle R or the reticle mark plate RFM, and the reference mark on 
the reference mark plate FM later mentioned on the wafer stage WST The reticle alignment microscope (it 
is hereafter called "RA microscope" for convenience) 28 (however setting to drawin g 1 RA microscope by 
the side of the space back un-illustrating) of ****** is formed. The detecting signal of these RA 
microscopes 28 is supplied to a main control unit 20 through a non-illustrated alignment control unit. In this 
case, if the deflection mirror which is not illustrated for leading the detection light from Reticle R to each 
RA microscope 28 is arranged free [ migration ] and an exposure sequence is started, a deflection mirror 
will shunt with a non-illustrated mirror driving gear under the command from a main control unit 20. In 
addition, the configuration equivalent to the RA microscope 28 is indicated by JP,7-176468,A etc., and 
since it is well-known, detailed explanation is omitted here. 

[0036] said projection optical system PL can be set to drawing 1 of a reticle stage RST — it is arranged 
caudad and the direction of the optical axis AX considers as Z shaft orientations — having — here ~ a both- 
sides tele cent — it is a rucksack cutback system and the dioptric system which consists of two or more lens 
element arranged at intervals of predetermined along the optical-axis AX direction is used. The projection 
scale factor of this projection optical system PL is 1/4 time (or 1/5 time) etc. For this reason, if the slit-like 
lighting field IAR on Reticle R is illuminated by the illumination light IL from an illumination system 10, it 
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will be formed in the exposure field [ **** / the cutback image (partial inverted image) of the circuit pattern 
of the reticle R in that slit-like lighting field IAR / said lighting field IAR on the wafer W with which the 
photoresist was applied to the front face ] IA through a projection optical system PL of the illumination light 
IL which passed this reticle R. 

[0037] Said wafer stage WST is driven free in XY two-dimensional side (thetaz revolution is included) by 
the wafer stage drive system which is not illustrated [ which consists of a magnetic levitation mold two- 
dimensional linear actuator along stage base 16 top face ]. Here, since the two-dimensional linear actuator 
also has Z drive coil besides X drive coil and Y drive coil, the wafer stage WST has composition which can 
be driven very small also in the 3 degree-of-freedom directions of Z, theta x (hand of cut of the 
circumference of the X-axis), and thetay (hand of cut of the circumference of a Y-axis). 
[0038] The wafer holder 25 is laid on the wafer stage WST, and Wafer W is held by vacuum adsorption (or 
electrostatic adsorption) with this wafer holder 25. Moreover, on the wafer stage WST, the reference mark 
plate FM with which the reference mark for base-line measurement, the reference mark for reticle alignment 
(this reference mark is used also in the case of the scale- factor measurement mentioned later), and other 
reference marks were formed is being fixed. Let mostly the front face of this reference mark plate FM be the 
same height with Wafer W. 

[0039] In addition, what is necessary is to replace with the wafer stage WST, and just to carry the wafer 
holder 25 in the 3 degree-of-freedom directions of Z, theta x, and thetay on the two-dimensional migration 
stage through Z and the leveling table by which very small actuation is carried out with a voice coil motor 
etc., in using the two-dimensional migration stage driven only in XY two-dimensional side by drive 
systems, such as a linear motor or a flat-surface motor. 

[0040] On said wafer stage WST, the migration mirror 27 which reflects the laser beam from the wafer laser 
interferometer (henceforth a "wafer interferometer") 31 is fixed, and the location of the 5 degree-of-freedom 
directions (X, Y, thetaz, thetax, and the direction of thetaz) except the Z direction of the wafer stage WST is 
always detected with the resolution which is about 0.5- lnm by the wafer interferometer 3 1 arranged outside. 

[0041] Here, on the wafer stage WST, the migration mirror which has the reflector which intersects 
perpendicularly with X shaft orientations which are the migration mirror and the non-scanning direction 
which have the reflector which intersects perpendicularly with Y shaft orientations which are scanning 
directions at the time of scan exposure is formed actually, and, as for the wafer interferometer 3 1 , these are 
typically shown for two or more **** eclipse ****** to Y shaft orientations and X shaft orientations by 
drawing 1 as the migration mirror 27 and a wafer interferometer 3 1 , respectively. The positional information 
(or rate information) of the wafer stage WST is sent to a main control unit 20, and controls the location 
within XY side of the wafer stage WST by the main control unit 20 through a non-illustrated wafer stage 
drive system based on said positional information (or rate information). 

[0042] Moreover, inside the wafer stage WST, a part of optical system which constitutes the space image 
measuring instrument 59 used for measurement of the optical property of a projection optical system PL is 
arranged. Here, the configuration of the space image measuring instrument 59 is explained in full detail. The 
stage side component prepared in the wafer stage WST as this space image instrumentation 59 was shown in 
drawing 2 , Namely, the relay optical system which consists of the slit plate 90 as a pattern formation 
member, and lenses 84 and 86, the mirror 88 for optical-path bending, and the light transmission lens 87, It 
has the digital-disposal-circuit 42 grade of the photo-electric-translation signal from the component M 
outside a stage prepared in the wafer stage WST exterior, i.e., a mirror, the light-receiving lens 89, the 
photosensor 24 as an optoelectric transducer, and this photosensor 24. 

[0043] If this is explained further in full detail, the slit plate 90 is inserted in from the upper part in the 
condition of plugging up the opening, to protrusion section 58a in which the upper part established in the 
end section top face of the wafer stage WST carried out opening, as shown in drawing 2 . The reflective film 
83 which serves as a light-shielding film is formed in the top face of the light-receiving glass 82 of a plane 
view rectangle, pattern NINGU of the opening pattern (it is hereafter called a "slit") 22 of the shape of a slit 
of the predetermined width of face (2D) as a pattern for measurement is carried out, and this slit plate 90 is 
formed in a part of that reflective film 83. 

[0044] As a raw material of said light-receiving glass 82, good synthetic quartz or a good fluorite of the 
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permeability of KrF excimer laser light or ArF excimer laser light etc. is used here. 
[0045] Inside wafer stage WST of slit 22 lower part The relay optical system (84 86) which the mirror 88 
which bends horizontally the optical path of the illumination-light bundle (image flux of light) which carried 
out incidence downward [ vertical ] through the slit 22 is made to intervene, and consists of lenses 84 and 86 
is arranged. The light transmission lens 87 which carries out light transmission of the illumination-light 
bundle relayed to the side attachment wall by the side of +Y of the wafer stage WST behind [ optical-path ] 
this relay optical system (84 86) by relay optical system (84 86) by the predetermined optical path length to 
the exterior of the wafer stage WST is being fixed. 

[0046] On the optical path of the illumination-light bundle sent out to the exterior of the wafer stage WST 
with the light transmission lens 87, the mirror M which has predetermined die length in X shaft orientations 
is installed with the tilt angle of 45 degrees. 90 degrees of optical paths of the illumination-light bundle sent 
out to the exterior of the wafer stage WST are bent towards the vertical upper part by this mirror M. 
Compared with the light transmission lens 87, the light -receiving lens 89 of a major diameter is arranged on 
this bent optical path. The photosensor 24 is arranged above this light-receiving lens 89. These light- 
receiving lens 89 and a photosensor 24 maintain position relation, and are contained in a case 92, and this 
case 92 is being fixed near the upper bed section of the stanchion 94 implanted in the top face of the base 16 
through the anchoring member 93. 

[0047] The optoelectric transducer which can detect a feeble light with a sufficient precision as said 
photosensor 24 (photo detector), for example, a photomultiplier tube etc., (PMT, photomultiplier tube) is 
used. The digital disposal circuit 42 which processes the output signal of a photosensor 24 is constituted 
including an amplifier, a sample holder, an A/D converter (a thing with a resolution of 16 bits is usually 
used), etc. 

[0048] In addition, although the slit 22 is formed in the reflective film 83 like the above-mentioned, it 
explains as that by which the slit 22 is formed below in the slit plate 90 for convenience. In addition, about 
arrangement of a slit 22, and a dimension, it mentions later. 

[0049] According to the space image instrumentation 59 constituted as mentioned above, in the case of 
measurement (about this, it mentions later) of the projection image through the projection optical system PL 
of the measurement mark formed in Reticle R or the reticle mark plate RFM (space image) If the slit plate 
90 is illuminated by the illumination light IL which has penetrated the projection optical system PL, the 
illumination light IL which penetrated the slit 22 on the slit plate 90 will be drawn by the exterior of the 
wafer stage WST through a lens 84, a mirror 88 and a lens 86, and the light transmission lens 87. And an 
optical path is bent by Mirror M in the vertical upper part, the light drawn by the exterior of the wafer stage 
WST is received by the photosensor 24 through the light-receiving lens 89, and the photo-electric- 
translation signal (quantity of light signal) according to the light income is outputted to a main control unit 
20 through a digital disposal circuit 42 from this photosensor 24. 

[0050] Since measurement of the projection image (space image) of a measurement mark is performed by 
the slit scan method in the case of this operation gestalt, in that case, the light transmission lens 87 will 
move to the light-receiving lens 89 and a photosensor 24. So, in the space image measuring instrument 59, 
each lens and the magnitude of Mirror M are set up so that all the light through the light transmission lens 
87 which moves within the limits of predetermined may carry out incidence to the light-receiving lens 89. 
[0051] Thus, the optical derivation section which derives the light through a slit 22 outside the wafer stage 
WST with the slit plate 90, lenses 84 and 86, a mirror 88, and the light transmission lens 87 is constituted, 
and the light sensing portion which receives the light drawn out of the wafer stage WST by the light- 
receiving lens 89 and the photosensor 24 consists of space image measuring instruments 59. In this case, 
these light derivation section and a light sensing portion are separated mechanically. And only by facing 
space image measurement, the optical derivation section and a light sensing portion are optically connected 
through Mirror M. 

[0052] That is, in the space image instrumentation 59, since the photosensor 24 is formed in the 
predetermined location of the exterior of the wafer stage WST, it originates in generation of heat of a 
photosensor 24, and does not have an adverse effect on the measurement precision of a laser interferometer 
3 1 etc. Moreover, since the exterior and the interior of the wafer stage WST are not connected by a light 
guide etc., the actuation precision of the wafer stage WST does not receive an adverse effect like [ when the 
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exterior and the interior of the wafer stage WST are connected by the light guide ]. 

[0053] Of course, when the effect of heat can be eliminated, a photosensor 24 may be formed in the interior 
of the wafer stage WST. In addition, the space image measurement approach, the optical property 
measurement approach, etc. which are performed using the space image measuring instrument 59 are 
explained in full detail behind. 

[0054] The off-axis alignment system ALG as a mark detection system which detects the alignment mark on 
Wafer W (alignment mark) is formed in the side face of return and a projection optical system PL at 
drawing 1 . With this operation gestalt, the alignment sensor of an image-processing method and the so- 
called FIA (Field Image Alignment) system are used as this alignment system ALG. This alignment system 
ALG is constituted including the light source 32 for alignment, a half mirror 34, the 1st objective lens 36, 
the 2nd objective lens 38, and image sensor (CCD) 40 grade, as shown in drawing 2 . Here, the halogen 
lamp which carries out outgoing radiation of the broadband illumination light as the light source 32 is used. 
By this alignment system ALG, as shown in drawing 3 , by the illumination light from the light source 32, 
the alignment mark Mw on Wafer W is illuminated through a half mirror 34 and the 1 st objective lens 36, 
and the reflected light from that alignment mark part is received with an image sensor 40 through the 1 st 
objective lens 36, a half mirror 34, and the 2nd objective lens 38. Thereby, image formation of the light field 
image of the alignment mark Mw is carried out to the light-receiving side of an image sensor. And the 
photo-electric-translation signal corresponding to this light field image, i.e., the signal on the strength 
[ optical ] corresponding to the reflected image of the ally noodle ** mark Mw, is supplied to a main control 
unit 20 through a non-illustrated alignment control unit from an image sensor 40. In a main control unit 20, 
while computing the location of the alignment mark Mw on the basis of the detection core of the alignment 
system ALG based on this signal on the strength [ optical ], based on that calculation result and the 
positional information of the wafer stage WST which is the output of the wafer interferometer 3 1 at that 
time, the coordinate location of the ally noodle ** mark Mw in the stage system of coordinates specified 
with the optical axis of the wafer interferometer 3 1 is computed. 

[0055] Furthermore, it has the light source by which turning on and off is controlled by the aligner 100 of 
this operation gestalt with a main control unit 20 to be shown in drawing 1 . Illuminating-system 60a which 
irradiates the image formation flux of light for forming many pinholes or the image of a slit towards the 
image formation side of a projection optical system PL from the direction of slant to an optical axis AX, The 
multipoint focal location detection system of the oblique incidence light type which consists of light- 
receiving system 60b which receives the reflected light bundle in the wafer W front face of those image 
formation flux of lights is prepared. In a main control unit 20, when focal fluctuation arises in a projection 
optical system PL, by controlling the inclination to the optical axis of the reflected light bundle of the 
parallel plate which is not illustrated in light -receiving system 60b, offset is given to a multipoint focal 
location detection system (60a, 60b) according to focal fluctuation of a projection optical system PL, and the 
calibration is performed. In addition, the detailed configuration of the focal location detection system (60a, 
60b) of this operation gestalt and the same multipoint focal location detection system is indicated by JP,6- 
283403, A etc. 

[0056] So that a focal gap may serve as zero in a main control unit 20 based on the focal gap signal 
(defocusing signal), for example, S curve signal, from light-receiving system 60b at the time of the scan 
exposure mentioned later etc. A non-illustrated wafer stage drive system is minded. Migration to Z shaft 
orientations of the wafer stage WST, And by controlling dip (namely, revolution of theta x and the direction 
of thetay) at a two-dimensional point, i.e., controlling migration of the wafer stage WST using a multipoint 
focal location detection system (60a, 60b) The auto-focusing (automatic-focusing doubling) and auto 
leveling which make the image formation side of a projection optical system PL and the front face of Wafer 
W agree substantially in the exposure field (the lighting field IAR and image formation relation) of the 
illumination light IL are performed. 

[0057] Next, actuation of the exposure process in the aligner 100 of this operation gestalt is explained 
briefly. 

[0058] First, Reticle R is conveyed by the non-illustrated reticle conveyance system, and adsorption 
maintenance is carried out in the reticle stage RST in a loading position. Subsequently, the location of the 
wafer stage WST and a reticle stage RST is controlled, by the main control unit 20, using the space image 
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instrumentation 59, as the projection image (space image) of the reticle alignment mark which is not 
illustrated [ which was formed on Reticle R ] mentions later, it is measured, and the projection location of a 
reticle pattern image is called for. That is, reticle alignment is performed. Reticle alignment under in 
addition, the RA microscope 28 of a couple mentioned above The image of the reticle alignment mark (un- 
illustrating) of the couple on Reticle R and the image through the projection optical system PL of the 
reference mark for reticle alignment formed in the reference mark plate FM on the wafer stage WST are 
observed simultaneously. You may carry out by asking for the projection location of a reticle pattern image 
based on the relative-position relation of both the mark image, and the measurement value of the reticle 
interferometer 13 at that time, and the wafer interferometer 31. 

[0059] Next, the wafer stage WST is moved and the slit 22 which serves as a datum reference of the space 
image measuring instrument 59 by the alignment system ALG is detected so that the slit plate 90 may be 
located directly under the alignment system ALG with a main control unit 20. In a main control unit 20, the 
measurement value of the detecting signal of this alignment system ALG and the wafer interferometer 3 1 at 
that time and a list are asked for the projection location of the pattern image of Reticle R and the relative 
position of base lines with the alignment system ALG, i.e., the amount of the alignment system ALG, based 
on the projection location of the reticle pattern image for which it asked previously. 

[0060] After this base-line measurement is completed, by the main control unit 20, wafer alignment, such as 
EGA (en hunger strike global alignment) indicated by the detail, is performed to JP,61-44429,A etc., and the 
location of all the shot fields on Wafer W is called for. In addition, as the wafer alignment mark Mw of the 
predetermined sample shot as which it was beforehand determined of two or more shot fields on Wafer W 
mentioned above on the occasion of this wafer alignment using the alignment system ALG, it is measured 
by carrying out (refer to drawin g 3 ). 

[0061] Subsequently, in a main control unit 20, while positioning the wafer stage WST to the scan starting 
position of the 1 st shot field, carrying out the monitor of the positional information from interferometers 3 1 
and 13 based on the positional information and the amount of base lines of each shot field on the wafer W 
for which it asked in the top, a reticle stage RST is positioned to a scan starting position, and scan exposure 
of the 1 st shot field is performed. 

[0062] That is, in a main control unit 20, if the relative scan of Y shaft-orientations reverse sense of a reticle 
stage RST and the wafer stage WST is started and both the stages RST and WST reach each target scan 
speed, the pattern space of Reticle R will begin to be illuminated by the illumination light IL, and scan 
exposure will be started. Although luminescence of the light source is started in advance of initiation of this 
scan exposure, since the synchronousr control of the migration of each blade of the movable reticle blind 12 
is carried out to migration of a reticle stage RST by the main control unit 20, it is the same as that of the 
usual scanning stepper that the exposure of the exposure light EL to the outside of the pattern space on 
Reticle R is shaded. 

[0063] In a main control unit 20, the synchronousr control of a reticle stage RST and the wafer stage WST is 
carried out so that the passing speed Vr of Y shaft orientations of a reticle stage RST and the passing speed 
Vw of X shaft orientations of the wafer stage WST may be especially maintained by the velocity ratio 
according to the projection scale factor of a projection optical system PL at the time of the above-mentioned 
scan exposure. 

[0064] And the field where the pattern spaces of Reticle R differ is serially illuminated by the illumination 
light IL, and when the lighting to the whole pattern space surface is completed, scan exposure of the 1st shot 
field on Wafer W is completed. Thereby, the cutback imprint of the circuit pattern of Reticle R is carried out 
to the 1st shot field through a projection optical system PL. 

[0065] In this way, termination of scan exposure of the 1 st shot field performs stepping actuation between 
the shots which move the wafer stage WST to the scan starting position of the 2nd shot field. And scan 
exposure of the 2nd shot field is performed like ****. Henceforth, actuation with the same 3rd shot field or 
subsequent ones is performed. 

[0066] Thus, the stepping actuation between shots and scan exposure actuation of a shot are repeated, and 
the pattern of Reticle R is imprinted by step - and - scanning method by all the shot fields on Wafer W. 
[0067] Here, during the above-mentioned scan exposure, the auto-focusing and auto leveling which were 
mentioned above are carried out to a projection optical system PL using the focal sensor (60a, 60b) attached 
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in one. 

[0068] By the way, during the above-mentioned scan exposure, in order for the pattern of Reticle R and the 
pattern already formed in the shot field on Wafer W to lay on top of accuracy, it is important that the image 
formation property and the amount of base lines of a projection optical system PL are measured by 
accuracy, that the image formation property of a projection optical system PL is adjusted to the desired 
condition, etc. 

[0069] With this operation gestalt, the space image measuring instrument 59 mentioned above is used for 
measurement of the above-mentioned image formation property. Hereafter, the space image measurement 
by this space image measuring instrument 59, measurement of the image formation property of a projection 
optical system PL, etc. are explained in full detail. 

[0070] The condition of the midst that the space image of the measurement mark PM formed in the reticle 
mark plate REM is measured is shown in drawing 2 using the space image instrumentation 59. In addition, it 
is also possible to replace with the reticle mark plate RFM and to use what formed the measurement mark of 
dedication in the reticle only for space image measurement or the reticle R used for manufacture of a device. 

[0071] Here, in advance of explanation of space image measurement, the reticle mark plate RFM is 
explained based on drawin g 4 and drawing 5 . 

[0072] Next, the reticle mark plate RFM is explained. The reticle mark plate RFM fixed on the reticle stage 
RST is taken out and shown in drawing 4 . This drawin g 4 is equivalent to the bottom view in drawing 1 . 
[0073] The die length of Y shaft orientations (scanning direction) is [ the die length of about 16mm (a 
projection scale factor is 4mm on a wafer as 1/4 time) and X shaft orientations (non-scanning direction) of 
this reticle mark plate RFM ] about 150mm. The field of about 100mm (a projection scale factor is 25mm 
on a wafer as 1/4 time) of center sections except the both ends of the non-scanning direction (X shaft 
orientations) of this reticle mark plate RFM is the effective exposure field IAF which can irradiate the 
illumination light IL. Under the RA microscope 28 of a couple mentioned above to the both ends (field of 
the slash section) of X shaft orientations of this effective exposure field IAF, the observable reticle 
alignment mark (un-illustrating) is formed. 

[0074] Moreover, the square (extracting field) of the other mark keepout area of about 1mm angle is 
prepared in Y shaft-orientations both ends based on [ of the effective exposure field IAF ] X shaft 
orientations, and revolution adjustment mark PMthetal and PMtheta2 are formed in the interior of this **** 
field with chromium etc. moreover, Y shaft orientations of the effective exposure field IAF — in the center 
section, two or more AIS mark blocks 621 at predetermined spacing (a projection scale factor is 1mm 
spacing on a wafer as 1/4 time), for example, 4mm spacing, are mostly arranged in accordance with X shaft 
orientations. Moreover, the AIS mark block 622 is arranged also in the location which can be positioned at 
the detecting point within the effective visual field of the projection optical system PL corresponding to the 
irradiating point of the image formation flux of light of a multipoint focal location detection system (60a, 
60b) besides these AIS mark blocks 621 arranged at intervals of 4mm. For this reason, in case space image 
measurement performs measurement for calibrations to measurement of the image surface configuration of 
a projection optical system PL, and the output of each sensor of a multipoint focal location detection system 
(60a, 60b), such as offset setting out and resetting of a home position (detection criteria location), for 
example, with this operation gestalt, it becomes possible to measure the direction location of an optical axis 
of a projection optical system PL (Z location) at slit 22 core of the slit plate 90. Therefore, setting out of the 
profile irregularity of the slit plate 90 can be made loose. In addition, it is displayed as the AIS mark block 
62, without distinguishing the AIS mark block 621 and the AIS mark block 622 especially below, especially 
removing the case of being required. 

[0075] What is necessary is just to perform the AIS mark block 62 by moving in a reticle stage RST with 
the reticle mark plate RFM, when performing space image measurement by making each point of the 
scanning direction of a projection optical system PL into a detecting point although only one line is prepared 
in the scanning direction (Y shaft orientations). 

[0076] Next, an example of the mark arrangement within each AIS mark block 62 is explained based on 
drawing 5 . The AIS mark block 62 is expanded and shown in drawin g 5 . As shown in this drawing 5 , in 
the AIS mark block 62 Negative-mold alignment mark subblock 63al , 63 a2, positive type alignment mark 
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subblock 63b 1 , 63b2, negative-mold line, and space mark subblock 64a, Positive type line and space mark 
subblock 64b, The negative-mold sequential coma mark subblock 65al, 65a2, the positive type sequential 
coma mark subblock 65b 1, 65b2, the 1 -dimensional negative-mold box mark subblock 66al, 66a2, the 1- 
dimensional positive type box mark subblock 66b 1, 66b2, negative-mold addition mark subblock 67a, 
positive type addition mark subblock 67b, etc. are prepared. In addition, a line and a tooth space are 
sketched as last shipment below. 

[0077] In said negative-mold last shipment mark subblock 64a, NEGAMAKU PM 1 which consists of the 
last shipment mark of the duty ratio 1 : 1 to the line breadth of 0.4 micrometers - 4.0 micrometers is arranged. 
Here, NEGAMAKU means the mark which consists of the opening pattern formed in the chromium layer. 
In addition, in this negative-mold last shipment mark subblock 64a, NEGAMAKU PM 2 for the 
abnormality measurement in line breadth is arranged as an application measurement mark. NEGAMAKU 
PM 2 for this abnormality measurement in line breadth is NEGAMAKU with which the last shipment mark 
of the duty ratio 1 :1 with a line breadth of 0.4 micrometers - 0.8 micrometers is located in a line in 80- 
micrometer pitch. As a L/each S mark, the periodic direction is established for the thing of X shaft 
orientations, and the thing of Y shaft orientations. 

[0078] NEGAMAKU PM 3 which consists of the last shipment mark of the duty ratio 1 :1 of different line 
breadth which makes the periodic direction X shaft orientations in said negative-mold sequential coma mark 
subblock 65a 1 is arranged at fixed spacing. NEGAMAKU PM 4 which consists of the last shipment mark of 
the duty ratio 1 :1 of different line breadth which makes the periodic direction Y shaft orientations in the 
negative-mold sequential coma mark subblock 65a2 is arranged at fixed spacing. 

[0079] In said 1 -dimensional negative-mold box mark subblock 66a 1, a thick line pattern with a line breadth 
of about 40 micrometers and NEGAMAKU PM 5 which consists of the 1 -dimensional mark with which the 
thin line pattern with a line breadth of about 0.4-0.56 micrometers was located in a line with X shaft 
orientations at intervals of predetermined (for example, about 40 micrometers) are arranged. Moreover, in 
said 1 -dimensional negative-mold box mark subblock 66a2, NEGAMAKU PM 6 which is constituted like a 
mark PM 5 and makes the array direction Y shaft orientations is arranged. 

[0080] In said negative addition mark subblock 67a, NEGAMAKU, such as the last shipment mark PM 7 of 
those other than 1:1, for example, a with a duty ratios of 1 :9 or more false ****** mark, the wedge-action- 
die mark (SMP mark) PM 8, and other isolated lines, is arranged for the duty ratio of various line breadth. 
The array direction is established [ these marks PM7 and PM8 ] for the thing of X shaft orientations, and the 
thing of Y shaft orientations. 

[0081] In said negative-mold alignment mark subblock 63al, NEGAMAKU (FIA mark) PM 9 which 
consists of the last shipment mark of the duty ratio 1 : 1 whose array direction is the line breadth of 24 
micrometers of X shaft orientations is arranged. Moreover, in the negative-mold alignment mark subblock 
63a2, NEGAMAKU (FIA mark) PM 10 which consists of the last shipment mark of the duty ratio 1:1 
whose array direction is the line breadth of 24 micrometers of Y shaft orientations is arranged. 
[0082] In said positive type last shipment mark subblock 64b, POJIMAKU PM 1 1 which consists of the last 
shipment mark of the duty ratio 1 :1 to the line breadth of 0.4 micrometers - 4.0 micrometers is arranged. 
Here, POJIMAKU means the mark formed by patterns, such as chromium, in the square (extracting field) of 
the other mark keepout area of predetermined area. In addition, in this positive type last shipment mark 
subblock 64b, POJIMAKU PM 12 for the abnormality measurement in line breadth is arranged as an 
application measurement mark. As a L/each S mark, the periodic direction is established for the thing of X 
shaft orientations, and the thing of Y shaft orientations. 

[0083] POJIMAKU PM 1 3 which consists of the last shipment mark of the duty ratio 1 : 1 of different line 
breadth which makes the periodic direction X shaft orientations in said positive type sequential coma mark 
subblock 65b 1 is arranged at fixed spacing. POJIMAKU PM 14 which consists of the last shipment mark of 
the duty ratio 1 : 1 of different line breadth which makes the periodic direction Y shaft orientations in the 
positive type sequential coma mark subblock 65b2 is arranged at fixed spacing. 

[0084] In said 1 -dimensional positive type box mark subblock 66b 1 , a thick line pattern with a line breadth 
of about 40 micrometers and POJIMAKU PM 15 which consists of the 1 -dimensional mark with which the 
thin line pattern with a line breadth of about 0.4-0.56 micrometers was located in a line with X shaft 
orientations at intervals of predetermined (for example, about 40 micrometers) are arranged. Moreover, in 
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said 1 -dimensional positive type box mark subblock 66b2, POJIMAKU PM 16 which is constituted like a 
mark PM 1 5 and makes the array direction Y shaft orientations is arranged. 

[0085] In said positive type addition mark subblock 67b, POJIMAKU, such as the last shipment mark PM 
1 7 of those other than 1 : 1 , for example, a with a duty ratios of 1 :9 or more false ****** mark, the wedge- 
action-die mark (SMP mark) PM 18, and other isolated lines, is arranged for the duty ratio of various line 
breadth. The array direction is established [ these marks PM 17 and PM18 grade ] for the thing of X shaft 
orientations, and the thing of Y shaft orientations. 

[0086] In said positive type alignment mark subblock 63b 1, POJIMAKU (FIA mark) PM 19 which consists 
of the last shipment mark of the duty ratio 1 : 1 whose array direction is the line breadth of 24 micrometers of 
X shaft orientations is arranged. Moreover, in the positive type alignment mark subblock 63b2, POJIMAKU 
(FIA mark) PM 20 which consists of the last shipment mark of the duty ratio 1 : 1 whose array direction is 
the line breadth of 24 micrometers of Y shaft orientations is arranged. 

[0087] In addition, in the AIS mark block 62, NEGAMAKU (BOX mark) PM 21 which consists of the 
square mark of 120-micrometer angle (it is 30-micrometer angle on a wafer side at the projection scale 
factors 1/4), the Line in Box mark PM 22 (about this, it mentions later further), etc. are arranged. 
[0088] Here, the approach of space image measurement using the space image measuring instrument 59 is 
explained briefly. As a premise, as shown in drawing 6 (A), the slit 22 of predetermined width-of-face 2D 
extended to X shaft orientations shall be formed in the slit plate 90. 

[0089] As the movable reticle blind 12 is driven through a non-illustrated blind driving gear and is shown in 
drawing 2 by the main control unit 20 in measurement of a space image, the lighting field of the 
illumination light IL of Reticle R is restricted only to a predetermined field including the measurement mark 
PM. Here, as a measurement mark PM, the mark PM 1 which the duty ratio 1:1 which has periodicity 
mentioned [ which mentioned above and last-shipment-marked ] above shall be used for Y shaft 
orientations. 

[0090] In this condition, if the illumination light IL is irradiated by the reticle mark plate RFM, as shown in 
drawing 2 , the light (illumination light IL) diffracted and scattered about by the measurement mark PM will 
be refracted according to a projection optical system PL, and space image (projection image) PM' of the 
measurement mark PM will be formed in the image surface of this projection optical system PL. At this 
time, the wafer stage WST shall be set as the location where said space image PM' is formed in the +Y side 
(or the -Y side) of the slit 22 on the slit plate 90 of the space image measuring instrument 59. The top view 
of the space image measuring instrument 59 at this time is shown in drawin g 6 (A). 

[0091 ] And with a main control unit 20, as the wafer stage WST is shown by the arrow head F in drawing 6 

(A) through a wafer stage drive system, when it drives in the direction of +Y, a slit 22 is scanned by Y shaft 

orientations to space image PM'. During this scan, the light (illumination light IL) which passes a slit 22 is 

received with a photosensor 24 through the optical derivation section in the wafer stage WST, Mirror M, 

and the light-receiving lens 89, and that photo-electric-translation signal is supplied through a digital 

disposal circuit 42 at a main control unit 20. In a main control unit 20, the optical intensity distribution 

corresponding to space image PM' are measured based on the photo-electric-translation signal. 

[0092] An example of the photo-electric-translation signal (signal on the strength [ optical ]) P acquired in 

the case of the above-mentioned space image measurement is shown in drawing 6 (B). 

[0093] In this case, an image equalizes space image PM' under the effect of the width of face (2D) of the 

scanning direction (Y shaft orientations) of a slit 22. 

[0094] Therefore, the relation of on the strength signal m (y) which will be observed with intensity- 
distribution [ of a space image ] i (y) if m (y) can express [ the intensity distribution of p (y) and a space 
image ] a slit with the following (1) type for i (y) and the signal on the strength [ optical ] observed. Let the 
unit of intensity-distribution i (y) and on the strength signal m (y) be the reinforcement of the hit by unit 
length in this (1) type. 
[0095] 
[Equation 1] 

n»(y)- ]p(y~u) i{u)du -(1) 
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[0096] 
[Equation 2] 



••(2) 



That is, on the strength signal m (y) observed becomes the convolution of intensity-distribution [ of 
SURITSU**p (y) and a space image ] i (y). 

[0097] Therefore, from the field of measurement precision, width-of-face (it is only hereafter called "slit 
width") 2D of the scanning direction of a slit is so good that it is small. When using PMT as a photosensor 
24 like this operation gestalt, if a scan speed is made late and many hours are spent on measurement even if 
slit width becomes very small, detection of the quantity of light (optical reinforcement) is possible. 
However, since the scan speed at the time of space image measurement has fixed constraint from the field of 
a throughput actually, if slit width 2D is too small, the quantity of light which penetrates a slit 22 will 
become small too much, and measurement will be difficult. 

[0098] As for slit width 2D, according to the knowledge which the artificer acquired by simulation, 
experiment, etc., it is desirable to consider as one half extent of the resolution limit pitch (pitch of the last 
shipment pattern of a duty ratio 1 :1) of an aligner. 

[0099] The space image measurement approach using the space image instrumentation mentioned above is 
used for detection of an a. best focus location, detection of the image formation location of b. pattern image, 
base-line measurement of c. alignment microscope ALG, etc. 

[0100] Since c. base-line measurement in the aligner 100 of this operation gestalt was already explained, 
detection of the above-mentioned a. best focus location and detection of the image formation location of b. 
pattern image are explained hereafter. 

[0101] On the slit plate 90 which constitutes the space image measuring instrument 59 below, as shown in 
drawing 7 , slit 22a of predetermined width-of-face 2D and die-length L extended to X shaft orientations 
and slit 22b of predetermined width-of-face 2D and die-length L extended to Y shaft orientations are 
formed. Here, 2D is 0.3 micrometers and L is 16 micrometers. Moreover, about 4 micrometers slit 22b is 
separated, is arranged at the -X side of slit 22a, and is separated about 4 micrometers and arranged at the +Y 
side. Moreover, light-receiving shall be possible also about the light which penetrated any of Slits 22a and 
22b with the photosensor 24 through the optical derivation section inside the wafer stage WST, Mirror M, 
and the light-receiving lens. In addition, especially in the following, as long as there is no need, it is called a 
slit 22, without distinguishing Slits 22a and 22b. 

[0102] <Detection of a best focus location> Detection of this best focus location is used for the objects, such 
as detection of the best focus location of for example, the A. projection optical system PL, detection of the 
best image formation side (image surface), and B. spherical-aberration measurement. 
[0103] With this operation gestalt, the best focus location of a projection optical system PL is detected as 
follows. The last shipment mark PM 1 of the duty ratio 1 :1 on the reticle mark plate RFM, for example, last 
shipment NEGAMAKU with a line breadth [ within the AIS mark block 621 located focusing on X shaft 
orientations of the reticle mark plate RFM ] of 0.8 micrometers (it is line width of face of 0.2 micrometers 
on a wafer), is used for detection of this best focus location as a measurement mark PM. 
[0104] First, in a main control unit 20, a reticle stage RST is moved to the predetermined point (here on the 
optical axis of a projection optical system PL) which should measure a best focus location within the 
effective visual field (it corresponds to the lighting field IAR) of a projection optical system PL that the 
measurement mark PM 1 on the reticle mark plate RFM should be positioned. 

[0105] Next, in a main control unit 20, actuation control of the movable reticle blind 12 is carried out, and a 
lighting field is restricted so that only the predetermined field to which the illumination light IL contains 
measurement mark PM1 part may irradiate. A slit scan method performs space image measurement of the 
measurement mark PM like the above-mentioned, irradiating the illumination light IL at the measurement 
mark PM 1 , and scanning the wafer stage WST to Y shaft orientations like the above-mentioned in a main 
control unit 20, in this condition. 

[0106] In a main control unit 20, a multiple- times repeat and the signal (photo-electric- translation signal) of 
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each time on the strength [ optical ] are memorized in memory, changing the location (namely, Z location of 
the wafer stage WST) of Z shaft orientations of the slit plate 90 for this space image measurement at a 
predetermined step. 

[0107] And in a main control unit 20, the contrast which is the predetermined amount of assessment 
obtained based on two or more signals (photo-electric-translation signal) of each on the strength [ optical ] 
acquired by said repeat, for example, the gain of a primary frequency component and a zero-order frequency 
component which carried out the Fourier transform of two or more signals on the strength [ optical ], 
respectively, is searched for. As an amount of assessment, amplitude or surface ratio of a sine wave etc. 
which makes a period peak value besides contrast and a mark pitch can be used. 

[0108] Subsequently, in a main control unit 20, the location (Z coordinate) of Z shaft orientations of the slit 
plate 90 of the peak of those amounts of assessment is determined as a best focus location. 
[0109] Usually, on the occasion of detection of a best focus, it is 0.15 micrometers in pitch spacing, and 15- 
step (step) extent change of the slit plate 90 is carried out. 

[0110] Here, an example of the above-mentioned best focus location detection is explained using drawing 
8 . This drawing 8 shows an axis of abscissa for the measurement value (x mark in drawing 8 ) of the 
amounts of assessment, such as contrast of 1 3 points which the slit plate 90 was changed to Z shaft 
orientations in 13 steps (step), and was acquired on each point, as the Z-axis. Based on the measurement 
value of the amount of assessment of 13 points shown by x mark in drawing 8 , it asks for the 4th 
approximation about curve C with the least square method. It asks for the intersection of this approximation 
curve C and the suitable threshold (threshold level) SL, and let the middle point of distance =2B during an 
intersection be a Z coordinate value corresponding to ** SUTOFOKASU. 

[0111] Since amplitude or surface ratio of a sine wave etc. which makes contrast, peak value, and a mark 
pitch a period changes according to a focal location (the amount of defocusing), it can measure often 
[ precision ] and easily the best focus location of a projection optical system PL (decision). 
[0112] In addition, the false isolated line PM 7 which made the others and isolated line or pitch of the duty 
ratio 1:1 mentioned above about 10 times of line breadth as a measurement mark used for measurement of a 
best focus location, for example, the mark mentioned above, can be used. [ mark / last shipment ] 
[0113] Moreover, detection of the image surface configuration of a projection optical system PL can be 
performed as follows. 

[0114] First, in a main control unit 20, to two or more [ in the effective visual field of a projection optical 
system PL ], a reticle stage RST is moved so that the measurement mark PM 1 within each AIS mark block 
62 on the reticle mark plate RFM may be arranged. 

[01 15] Next, in a main control unit 20, the movable reticle blind 12 restricts the lighting field, the sequential 
exposure of the illumination light IL is carried out, detection of the best focus location in above-mentioned 
each point is performed to each measurement mark PM 1 like the above-mentioned so that the illumination 
light IL may be irradiated by only the predetermined field including the measurement mark PM 1 of each 
point, and the result is memorized in memory. 

[01 16] Subsequently, in a main control unit 20, to two or more [ in the effective visual field of a projection 
optical system PL / another ], a reticle stage RST is moved so that the measurement mark PM 1 within each 
AIS mark block 62 on the reticle mark plate RFM may be arranged, detection of the best focus location in 
above-mentioned each point is performed like the above-mentioned, and the result is memorized in memory. 

[01 17] And in a main control unit 50, the image surface configuration of a projection optical system PL is 
computed by performing a predetermined statistical procedure based on each obtained best focus location. 
At this time, a curvature of field may also be computed apart from an image surface configuration. In 
addition, necessarily not using two or more measurement marks, for example, making two or more detecting 
points within the effective visual field of a projection optical system PL carry out sequential migration of 
the single measurement mark in measurement of an image surface configuration, measurement of an above 
best focus location may be repeated and may be performed. 

[0118] In addition, the astigmatism of a projection optical system PL is also measurable by detecting the 
best focus location which carried out the sequential exposure and mentioned the illumination light IL above 
to the two last shipment patterns at the predetermined point within the visual field of a projection optical 
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system PL as a measurement mark PM using two last shipment patterns arranged by X shaft orientations (or 
the sagittal direction) and Y shaft orientations (or the meridional direction) in the same pitch, respectively. 
[0119] The above can perform detection of the best focus location of the A. projection optical system PL 
mentioned above, and detection of the best image formation side (image surface). 

[0120] Moreover, detection of the spherical aberration of a projection optical system PL can be performed 
as follows. 

[0121] On the occasion of detection of this spherical aberration, namely, for example in the AIS mark block 
621 located focusing on X shaft orientations of the reticle mark plate RFM The plurality from which a 
period differs in Y shaft orientations by the same line width of face by which predetermined distance 
partition ****** was carried out, For example, the 2nd last shipment mark of Y shaft orientations whose 
period is specifically 4 micrometers by the 1 st last shipment mark of the last shipment mark of two Y shaft 
orientations and Y shaft orientations whose period is 2 micrometers by line width of face of 1 micrometer, 
and line width of face of 1 micrometer is used as a measurement mark PM. 

[0122] First, in a main control unit 20, in order to position the 1st last shipment mark on the optical axis of a 
projection optical system PL, for example, it moves in a reticle stage RST. And the best focus location 
which was positioned on the optical axis and which used the movable reticle blind 12 only near the 1 st last 
shipment mark, set up the lighting field, and was mentioned above about the 1st last shipment mark is 
detected, and the result is memorized in memory. 

[0123] Next, in a main control unit 20, to the location where the 2nd last shipment pattern is illuminated by 
the illumination light, it moves in a reticle stage RST, the best focus location mentioned above about the 
2nd last shipment pattern is detected, and the result is memorized in memory. 
[0124] And in a main control unit 20, it does in this way, and is obtained and spherical aberration is 
searched for by performing a predetermined operation based on the difference of the best focus location 
about each measurement mark memorized in memory. 

[0125] <Detection of the image formation location of a pattern image> Detection of the image formation 
location of a pattern image is performed for each object of the scale factor of C. projection optical system 
and distortion measurement, comatic-aberration measurement of D. projection optical system, and 
telecentricity (lighting TERESEN) measurement of E. projection optical system. 
[0126] The measurement mark varies with the object. If it classifies, it will become as it is shown in the 
following table 1 . Here, since it is desirable for the measurement result of the image formation property of a 
projection optical system based on space image measurement to be in agreement with the measurement 
result of the image formation property can be burned and according to law mentioned above and a basic 
target, with a table 1 , it can be burned and the space image measurement mark (space image measurement 
mark) is shown with the measurement mark. 



[0127] 
A table 1] 










Box in Box Mark „ 


Box in Box Mark , 




Line in Box Mark » 
L/S-7— 9 


Une in Box Mark , 




Box in Box Mark > 


Box in Box Mark , 



[0128] Next, the scale factor of a projection optical system PL and distortion measurement are explained. 
On the occasion of the scale factor of this projection optical system PL, and distortion measurement, the 
BOX mark PM 21 of 120-micrometer angle within each AIS mark block 62 on the reticle mark plate RFM 
mentioned above (on a wafer side, it is 30-micrometer angle at the projection scale factors 1/4) is used as a 
measurement mark PM. 

[0129] First, in a main control unit 20, it moves in a reticle stage RST so that the measurement mark PM 21 
may be arranged two or more [ in the effective visual field of a projection optical system PL ], respectively. 
[0130] Next, in a main control unit 20, the movable reticle blind 12 is controlled and a lighting field is 
restricted so that only a predetermined field part including the measurement mark PM 21 to which the 
illumination light IL is located in the 1st detecting point within the effective visual field of a projection 
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optical system PL may irradiate. In this condition, the illumination light IL is irradiated with a main control 
unit 20 at the measurement mark PM 21 . Thereby, as shown in drawin g 9 , the pattern image of the shape of 
a square of space image PM21' of the measurement mark PM 21, i.e., about 30micro angle, is formed. 
[0131] And in a main control unit 20, to this space image PM21', slit 22a on the slit plate 90 drives the 
wafer stage WST in the direction of arrow-head A, performs space image measurement by the slit scan 
method so that it may be scanned by Y shaft orientations, and it memorizes that signal on the strength 
[ optical ] in memory. Subsequently, in a main control unit 20, to space image PM21', slit 22b on the slit 
plate 90 drives the wafer stage WST, performs space image measurement by the slit scan method so that it 
may be scanned by X shaft orientations, and it memorizes the signal on the strength [ optical ] in memory. 
And in a main control unit 20, it asks for the image formation location (X, Y coordinate location) of the 
measurement mark PM 21 based on the acquired signal on the strength [ optical ] by the technique of edge 
detection using the technique of well-known phase detection, or a slice method etc. 

[0132] Also as opposed to the measurement mark PM 21 which similarly is located in the detecting point of 
the 2nd henceforth within the effective visual field of a projection optical system PL with a main control 
unit 20, respectively The movable reticle blind 12 restricts the lighting field so that the illumination light IL 
may be irradiated by only the predetermined field including the measurement mark PM 21 . The slit scan 
method mentioned above for each point performs space image measurement, and it asks for the image 
formation location (X, Y coordinate location) of a measurement mark on obtained each point. And in a main 
control unit 20, at least the scale factor of a projection optical system PL and one side of distortion are 
computed based on (X and the Y coordinate location) of the measurement mark about each acquired 
detecting point. 

[0133] However, in pattern image PM2T of single 30-micrometer angle, even if it carries out a slit scan, the 
edge of the image has only two places and measurement precision may not be acquired enough. In such a 
case, what is necessary is just to use pattern [ the big last shipment pattern which is extent which does not 
almost have being influenced of comatic aberration ], for example, line width of face 4 micrometers or 
more, last shipment mark (for this space image to turn into last shipment mark image with a line width of 
face of 1 micrometer) PM1 grade as a measurement mark PM. In case space image measurement of such a 
measurement mark PM is performed, the condition that space image PM of the measurement mark PM was 
formed on the slit plate 90 is shown in drawing 10 . 

[0134] As mentioned above, when measuring the distortion of a projection optical system PL from the 
image formation location (X, Y coordinate location) of two or more measurement marks located in two or 
more detecting points within the effective visual field of a projection optical system PL, it sets. The image 
formation location of a measurement mark [ in / the detecting point of the arbitration of two or more 
detecting points is made into a reference point, and / the reference point ] (X, Y coordinate location), It is 
desirable to detect the relative position within XY side with the image formation location (X, Y coordinate 
location) of the measurement mark in points other than the reference point, and to ask for the distortion of a 
projection optical system PL from the relative position. In this case, what is necessary is to make a 
sequential change of the lighting field with the movable blind 12, and just to perform detection for the 
relative position within XY side of the image formation location (X, Y coordinate location) of space image 
measurement and a measurement mark to a field including the measurement mark arranged at an 
origin/datum and detecting points other than an origin/datum. If it does in this way, even if the drift etc. has 
arisen in the wafer interferometer 3 1 which measures the location of the wafer stage WST (slits 22a and 
22b) The measurement result of the image formation location (X, Y coordinate location) of the 
measurement mark in a reference point, As a result of including the equivalent measurement error resulting 
from the above-mentioned drift etc. in the measurement result of the image formation location (X, Y 
coordinate location) of the measurement mark in points other than a reference point, the effect of a drift will 
almost be included in the above-mentioned relative position. Therefore, the effect of the drift of the 
interferometer under measurement etc. can be suppressed to the minimum. Moreover, since the movable 
reticle blind 12 restricts the exposure field of the illumination light for whenever [ of the measurement in 
each detecting point / every ], the amount of incidence of the illumination light to the projection optical 
system PL under measurement can be controlled. 

[0135] Next, the measurement approach of the comatic aberration of a projection optical system is 
http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 5/2/2007 



JP,2002-198303,A [DETAILED DESCRIPTION] 



Page 17 of 23 



explained. The 1 st approach measurement of comatic aberration uses a last shipment mark as a 
measurement mark, and the 2nd approach using a Line in Box mark as a measurement mark are mentioned 
typically. 

[0136] (The 1 st approach) When it can be burned and measures comatic aberration by law, the method of 
using the line breadth outlying observation of the small last shipment mark image near the resolution limit is 
learned. Here, line breadth outlying observation is a value used as the index showing the unsymmetrical 
degree of the resist image formed of baking. For example, if it explains taking the case of the resist image of 
0.2micromL/S mark (design value) shown in drawing 1 1 , the line breadth outlying observation A will be 
defined like the following (3) types using the line breadth LI and L5 of the line pattern of ends. 
[0137] 
[Equation 3] 

A .BzH ... (3 ) 
L1 + L5 

[0138] A is usually engine performance less than 3% is wished to a projection optical system (projection 
lens). 

[0139] Also in space image measurement, the line breadth outlying observation of such a last shipment 
pattern image is directly measurable. In this case, although what is necessary is just to use the technique of 
the edge detection by the slice method, it is desirable to determine that threshold as slice level by being in 
charge of the decision of slice level, making binary the signal on the strength [ optical ] corresponding to a 
space image with a suitable threshold (threshold level), and performing easy resist image simulation of 
bringing close to the line breadth of a resist image. 

[0140] Hereafter, the measurement approach of the comatic aberration by measurement of this line breadth 
outlying observation is explained, last shipment NEGAMAKU which has been arranged in each AIS mark 
block 62 of the reticle mark plate RFM and which has periodicity in Y shaft orientations of a duty ratio 1 : 1 
by line width of face of 0.8 micrometers (it is 0.2 micrometers on a wafer side) is used for measurement of 
this comatic aberration as a measurement mark PM, for example. 

[0141] In a main control unit 20, in in this case, the same procedure as the time of the scale factor and 
distortion measurement mentioned above Sequential measurement of the space image of each measurement 
mark arranged at two or more detecting points within the effective visual field of a projection optical system 
PL is carried out. Ask for the intersection of each signal on the strength [ optical ] and slice level, 
respectively, and it asks for the line width of face of each line about each of space image PM' from the Y 
coordinate (or X coordinate) of the called-for intersection. Based on this line width of face, each line 
breadth outlying observation is computed based on (4) types, and the comatic aberration of a projection 
optical system PL is searched for based on this calculation result. 

[0142] In addition, it is an independent last shipment pattern containing five line patterns, and each 
measurement mark PM may use the application measurement mark PM 2 which is the compound mark 
pattern with which five last shipment patterns constructed more than one the predetermined period, and have 
been arranged and which was mentioned above as each measurement mark PM as each measurement mark 
PM, when the measurement precision of line breadth outlying observation is inadequate. When this 
application measurement mark PM 2 is used, signs that space image PM2' of the application measurement 
mark PM 2 was formed on the slit plate 90 are shown in drawing 12 . 

[0143] The frequency component fl of 0.4-micrometer pitch corresponding to [ as this space image PM2' is 
shown in drawing 13 ] the pitch of each line pattern of two fundamental frequency components, i.e., a 
photo-electric-translation signal, (the 1st fundamental-frequency component), every ~ the 2nd fundamental- 
frequency component corresponding to the width of face of the whole L/S pattern, i.e., every, — for 
example, it has the frequency component f2 corresponding to 3.6-micrometer pitch which is the repeat 
period (arrangement pitch of the mark group who consists of a mark of five) of a L/S pattern. 
[0144] Therefore, it is good also as computing by the technique of phase detection of the phase contrast of 
the 1st fundamental-frequency component of each signal on the strength [ optical ], and the 2nd 
fundamental-frequency component, and searching for the comatic aberration of a projection optical system 
PL in the same procedure as the above-mentioned, in a main control unit 20, based on this calculation result, 
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when space image measurement is performed and the signal on the strength [ optical ] corresponding to 
space image PM2' of the measurement mark PM 2 is acquired. In addition, as for the ratio of the 
arrangement pitch (the upper example 3.6 micrometers) of the mark group who consists of an arrangement 
pitch (the upper example 0.4 micrometers) of this field notch mark, and a mark of five, considering as an 
integral multiple is desirable from signal processing. 

[0145] (The 2nd approach) Next, the 2nd measuring method of comatic aberration is explained. By this 
approach, the Line in Box mark PM 22 mentioned above is used as a measurement mark PM. This mark PM 
22 is a mark by which one side is this alignment inside the square pattern of Dl (1= 120 micrometers of for 
example, D), and the tooth-space pattern (width of face D3) of the square of D2 (2= 80 micrometers of for 
example, D) was formed for one side, as shown in drawin g 14 . If it can be burned on a wafer and this mark 
PM 22 is developed, the striation of 20-micrometer angle will be simultaneously formed in the core of the 
resist remnants mark of 30-micrometer angle. As for a striation, it is desirable to consider as the size of 
(wavelength / N.A.) / or less 2 extent, therefore, as for D3, it is desirable that it takes the 4 or less times for 
extent. For example, D3 is set to 0.4 micrometers. 

[0146] Since a strike slip will be larger than a thick wire and the direction of a thin line will occur if image 
formation of this Line in Box mark PM 22 is carried out by the projection optical system with comatic 
aberration, a striation carries out eccentricity and symmetric property collapses. Therefore, the effect of 
comatic aberration can be known by measuring the eccentricity of the striation, i.e., extent of how 
depending on which symmetric property collapses. 

[0147] So, in a main control unit 20, the same procedure as the time of the scale factor and distortion 
measurement mentioned above performs space image measurement of each mark PM 22 arranged at two or 
more detecting points within the effective visual field of a projection optical system PL, and the signal on 
the strength [ optical ] corresponding to each is acquired. And based on the intersection of each signal on the 
strength [ optical ] and predetermined slice level, a gap of the symmetric property of the space image of 
each mark PM 22 is computed, and the comatic aberration of a projection optical system PL is searched for 
based on this calculation result. 

[0148] It thinks, also when SURITSU ** of the non-measuring direction interferes with a space image on 
arrangement of the slits 22a and 22b on the slit plate 90 in the above-mentioned case. In such a case, it may 
replace with the above-mentioned mark PM 22, for example, a thin line pattern with a line breadth of about 
0.4-0.6 micrometers may use the mark PM 6 (or PM5) of the right-and-left (or upper and lower sides) 
symmetry located in a line at intervals of predetermined (for example, about 40 micrometers) marked for 
example, mentioned above one dimension in the measurement direction as a measurement mark PM with a 
thick line pattern with a line breadth of about 4 micrometers. 

[0149] The condition that space image PM6' of such a measurement mark PM 6 was formed on the slit plate 
90 is shown in drawing 15 . In this drawing 15 , D4 is 1 0 micrometers and D5 is 0.1-0.15 micrometers. The 
comatic aberration of a projection optical system PL may be detected by detecting the signal on the strength 
[ optical ] corresponding to such space image PM6' by the approach of the edge detection by the slice 
method. 

[0150] Of course, in order to improve measurement repeatability also in this case, it is good also as a thing 
like drawin g 16 for which the space image of the measurement mark by which repeat arrangement was 
carried out is detected. 

[0151] Next, the measuring method of lighting TERESEN (telecentricity of a projection optical system PL) 
is explained. 

[0152] Lighting TERESEN measures and determines the variation from which an image position changes 
with defocusing. The big measurement mark which is not influenced of comatic aberration like a scale 
factor and De Dis **-SHON measurement as a measurement mark is required. When it burns and is based 
on the ** method, Box in Box Mark or a large last shipment mark is used, it is three points, a best focus 
location, the defocusing location which is about +1 micrometer, and the defocusing location which is about 
-1 micrometer, and exposes, respectively, the relation between an image position and a focal location is 
measured, and calculating lighting TERESEN (= (the amount of strike slips / the amount of defocusing of 
an image)) is performed. Using the big measurement mark which is not similarly influenced of comatic 
aberration with be burned, in space image measurement, the absolute location (image formation location) of 
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a space image is measured in each focal location, and it calculates lighting TERESEN. 
[0153] If this is explained further in full detail, a measurement mark will be located in the 1st detecting 
point within the effective visual field of a projection optical system PL, the space image of the measurement 
mark will be formed, and the space image of the measurement mark PM will be measured by the slit scan 
method in the 1st location about the direction of an optical axis of a projection optical system PL (Z shaft 
orientations). That is, photo electric translation of the light which scanned the slit 22 relatively to the space 
image, and minded the slit 22 is carried out with a photosensor 24, and the optical intensity distribution 
corresponding to a space image are measured. Subsequently, the measurement mark PM is located in the 
2nd detecting point within the effective visual field of a projection optical system PL, the space image of the 
measurement mark is formed, and the space image of the measurement mark PM is measured by the slit 
scan method in the 2nd location of Z shaft orientations. And the image formation location within XY side of 
the space image obtained from the measurement result of a space image in case the slit plate 22 (slit plate 
90) is in the 1 st location of Z shaft orientations, It asks for the image formation location and relative- 
position relation within XY side of the space image obtained from the measurement result of a space image 
in case the slit plate 22 (slit plate 90) is in the 2nd location of Z shaft orientations, and the telecentricity of a 
projection optical system PL is computed from this relative-position relation. 

[0154] In this case, the image formation location within XY side of the space image obtained from the 
measurement result of having measured the space image of the measurement mark located in the 1 st 
detecting point within the effective visual field of a projection optical system PL in the field corresponding 
to the 1st location of Z shaft orientations (1st image formation location), Relative-position relation with the 
image formation location within XY side of the space image obtained from the measurement result of 
having measured the space image of the measurement mark located in the 2nd detecting point within the 
effective visual field of a projection optical system PL in the field corresponding to the 2nd location of Z 
shaft orientations (2nd image formation location), That is, the telecentricity of a projection optical system 
PL is computed based on the relative distance of the 1 st image formation location and the 2nd image 
formation location, and the distance of the 1 st location of Z shaft orientations, and the 2nd location. For this 
reason, even if the drift etc. has arisen in the wafer interferometer 31 on the occasion of measurement of the 
1st image formation location and the 2nd image formation location, as a result of including an equivalent 
error in the measurement result of the 1 st image formation location and the 2nd image formation location, 
highly precise measurement of the telecentricity which does not almost have the effect of the measurement 
error resulting from an interferometer drift etc. is attained, for example. 

[0155] In this case, the space image of that measurement mark is measured by the slit scan method, 
changing Z location of the slit plate 90 for the space image of the measurement mark located in three or 
more detecting points within the effective visual field of a projection optical system PL. In [ of a space 
image ] measuring a location (image formation location) about each focal location absolutely The focal 
location of the arbitration of these two or more focal locations is made into a criteria focus location. What is 
necessary is just to suppose that the relative position of the location within XY side of the space image of 
the measurement mark in a criteria focus location and the location in XY side of the space image of the 
measurement mark of those other than a criteria focus location is measured, and lighting TERESEN of a 
projection optical system PL is measured based on the relative-position physical relationship. 
[0156] In this case, when it sets, for example, a criteria focus location is set up near the best focus location, 
it is good also as measuring the location within XY side of the space image of the measurement mark which 
the that +Z and -Z side came out, respectively, and has been arranged at least in Z location of one point each 
at two or more detecting points within the effective visual field of a projection optical system PL. 
[0157] In addition, on the occasion of measurement of lighting TERESEN, the single measurement mark on 
the reticle mark plate RFM is used. Carry out sequential positioning of this mark at two or more detecting 
points within the effective visual field of a projection optical system PL, and Z location of the slit plate 90 is 
changed for the image formation location of a measurement mark at each detecting point. Sequential 
measurement may be carried out, Z location of the slit plate 90 may be changed and sequential measurement 
of the image formation location of the measurement mark of the reticle mark plate RFM top plurality 
simultaneously positioned by two or more detecting points within the effective visual field of a projection 
optical system PL may be carried out. 
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[0158] As explained to the detail above, according to this operation gestalt, both two or more kinds of 
measurement marks PM 1 used for the various self-measurement formed in the reticle mark plate RFM of 
the reticle stage RST near the body side focal plane location of the projection optical system PL which can 
be illuminated by the illumination light IL - PM22 grade can be located. For this reason, various self- 
measurement is attained, without preparing the original edition for measurement of dedication 
independently by irradiating the illumination light IL at the measurement mark PM, carrying out image 
formation of the image of that measurement mark PM 1 - PM22 grade near the image side focal focus of a 
projection optical system PL, and detecting that image. 

[01 59] With a main control unit 20, some reticle mark plates [ at least ] RFM are specifically illuminated by 
the illumination light IL, for example. When the space image of the measurement mark illuminated by the 
projection optical system PL by the illumination light IL near the image side focal plane is formed By space 
image measurement of a slit scan method which drives the slit plate 90 WST, i.e., a wafer stage, so that the 
relative scan of this space image and the slit 22 may be carried out It is possible to perform self- 
measurement of optical properties, such as the best focus location of the projection optical system PL 
mentioned above, an image surface configuration (a curvature of field is included), spherical aberration, 
distortion, a scale factor, comatic aberration, and lighting TERESEN, base-line measurement of the 
alignment system ALG, etc. The migration control unit is constituted from this operation gestalt by the main 
control unit 20 so that more clearly than this. 

[0160] For example, in a main control unit 20, calibrations, such as offset setting out of the detection output 
of each focal sensor (photo detector) which constitutes a multipoint focal location detection system (60a, 
60b), or resetting of a home position, can be carried out to high degree of accuracy based on the 
measurement result of a best focus location and an image surface configuration. 

[0161] Moreover, in a main control unit 20, it becomes possible to regulate [ of the aberration which amends 
the various above-mentioned aberration of a projection optical system ] automatically by driving at least one 
projection lens which constitutes a projection optical system PL in the dip direction to the field which 
intersects perpendicularly with the direction of an optical axis, and an optical axis through a non-illustrated 
image formation property amendment system based on the measurement result of various aberration, such 
as a curvature of field, distortion, a scale factor, and comatic aberration. 

[0162] Moreover, it is also possible to make the automatic correction of lighting TERESEN in a main 
control unit 20 by driving the relay lens which is not illustrated within an illumination system 10 based on 
the measurement result of above-mentioned lighting TERESEN. 

[0163] Moreover, in a main control unit 20, based on the measurement result of the above-mentioned base 
line, it can perform regulating [ of the base line ] automatically easily, consequently wafer alignment 
precision can be raised. 

[0164] In addition, a reticle stage RST (reticle mark plate RFM) may be moved, or the reverse sense may be 
made to move mutually simultaneously in a main control unit 20, in the wafer stage WST (slit plate 90) and 
a reticle stage RST, while the wafer stage WST (slit plate 90) had been made to stand it still on the occasion 
of space image measurement. 

[0165] According to the aligner 100 of this operation gestalt, precision is good using the alignment system 
ALG by which automatic amendment of the base line was carried out by the base-line measurement 
mentioned above. Wafer alignment (EGA) etc. is performed. At the time of scan exposure substantial to the 
image surface where the calibration carried out auto-focusing of Wafer W, and auto leveling to high degree 
of accuracy, and had the wafer W front face measured using the multipoint focal location detection system 
(60a, 60b) carried out to high degree of accuracy, making it agree Since the circuit pattern of Reticle R lays 
on top of each shot field on Wafer W and is imprinted through the projection optical system PL by which 
many aberration was adjusted to high degree of accuracy, the exposure which maintained highly exposure 
precision (superposition precision and a focal doubling precision are included) is attained. 
[0166] In addition, since the scale-factor error of a projection optical system PL affects the superposition 
precision of the circuit pattern of Reticle R, and the shot field on Wafer W, it is desirable to, perform scale- 
factor measurement of a projection optical system PL and automatic amendment based on the result by high 
frequency if possible. However, since measurement takes the time amount about ** to the space image 
measurement by the slit scan method mentioned above, carrying out frequently causes lowering of a 
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throughput. 

[0167] In case a main control unit 20 exposes Wafer W by the lot unit, so, at the time of exposure of the 
wafer W of each lot head Space image measurement of the measurement mark on the reticle mark plate 
RFM is performed using the reticle mark plate REM and the space image instrumentation 59. Based on the 
measurement result, the scale factor of a projection optical system PL is computed. At the time of exposure 
of wafers other than the head in each lot The image through the projection optical system PL of one 
alignment mark of the reticle mark plate RFM and Reticle R and the reference mark which is not illustrated 
on the wafer stage WST is observed using the RA microscope 28, and it is supposed that the scale factor of 
a projection optical system PL is computed based on the observation result. Thereby, without reducing a 
throughput carelessly, it can maintain to the value of a request of the scale factor of a projection optical 
system PL, as a result superposition precision can be maintained highly. 

[0168] Moreover, since space image measurement is performed using the illumination system 10 which 
constitutes an aligner 100 from this operation gestalt, space image measurement in combination with 
various lighting conditions (conventional lighting and zona-orbicularis lighting, deformation lighting, etc.), 
a reticle class (halftone reticle, usually reticle), etc. is possible. Therefore, it is possible to perform various 
self-measurement under the same or conditions near it as the time of exposure using the reticle mark plate 
RFM. 

[0169] Even if various combination, such as exceptions, such as these reticle classes, object line breadth, an 
isolated line, and a high density line, and lighting conditions, is in the same aligner, they is managed by 
mutually different process program. It is desirable to prepare as the offset value of the measurement value 
and optimum conditions which follow, for example, become indispensable in a focal calibration can also be 
equivalent to such combination. 

[0170] Usually, although adjustment of the aberration of a projection optical system PL etc. is performed for 
every different lighting conditions, the mark used in that case becomes the specific line breadth of an 
isolated line and a high density line. Therefore, if lighting conditions are decided, it will think that the 
measurement mark used for space image measurement is also decided, and will not interfere, and the total of 
the offset corresponding to a multiple-processes program becomes equal to the total of lighting conditions. 
With the reticle mark plate RFM of this operation gestalt, POJIMAKU which is close to each NEGAMAKU 
mainly used for space image measurement, can be burned, is alike, and is mainly used is arranged (refer to 
drawing 5 ). Therefore, it is possible to be burned, to measure the optical property of a projection optical 
system PL, to perform space image measurement of NEGAMAKU on the reticle mark plate RFM by law, 
based on this measurement result immediately after [ for which POJIMAKU on this reticle mark plate RFM 
was used ] adjusting a projection optical system PL, and to search for the above-mentioned offset easily 
based on that result. 

[0171] In addition, it is necessary to also manage the error accompanying the difference (in the cases, such 
as the amount of bending) in the configuration of the reticle for device manufacture, and the reticle mark 
plate RFM as offset. This is easily called for by comparing the measurement result of the space image of the 
mark on the reticle for device manufacture, and the mark on the reticle mark plate RFM. It is desirable to 
form the various measurement marks of the same class as RFM mentioned above to the reticle for device 
manufacture in this semantics. 

[0172] In addition, although the above-mentioned operation gestalt explained the case where this invention 
was applied to the projection aligner of step - and - scanning method, while imprinting the pattern of a mask 
to a substrate in the condition of having stood still not only this but the mask, and the substrate, this 
invention is applicable also to the aligner of the step-and-repeat mold which carries out step migration of the 
substrate one by one. 

[0173] Moreover, although each above-mentioned operation gestalt explained the case where this invention 
was applied to the aligner for semi-conductor manufacture, this invention is widely applicable to the aligner 
for manufacturing an aligner, the thin film magnetic head, the image sensor, the micro machine, the DNA 
chip and reticle, a mask, etc. for liquid crystal which imprint a liquid crystal display component pattern on 
the glass plate of not only this but a square shape etc. 

[0174] Moreover, although each above-mentioned operation gestalt explained the case where KrF excimer 
laser light (248nm), ArF excimer laser light (193nm), etc. were used as illumination light for exposure, the 
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higher harmonic of not only this but a g line (436nm), i line (365nm), F2 laser beam (157nm), copper 
steamy laser, and an YAG laser etc. can be used as illumination light for exposure. 
[0175] Moreover, although each above-mentioned operation gestalt explained the case where a cutback 
system and refractive media were used as a projection optical system, actual size or an amplification system 
may be used not only as this but as a projection optical system, and any of refractive media, reflective 
refractive media, or a reflective system may be used. 

[0176] in addition , while include the illumination light study system and projection optical system PL 
which consist of two or more lenses in the body of an aligner and carry out optical adjustment , the reticle 
stage RST and the wafer stage WST which consist of many machine parts can be attach in the body of an 
aligner , wiring and piping can be connect , and the aligner 100 of this operation gestalt can be manufacture 
by carry out comprehensive adjustments ( electric adjustment , check of operation , etc. ) further . In 
addition, as for manufacture of an aligner, it is desirable to carry out in the clean room where temperature, 
an air cleanliness class, etc. were managed. 

[0177] «device manufacture approach» The operation gestalt of the manufacture approach of the device 
which used the aligner 100 mentioned above next at the lithography process is explained. 
[0178] The flow chart of the example of manufacture of devices (semiconductor chips, such as IC and LSI, 
a liquid crystal panel, CCD, the thin film magnetic head, micro machine, etc.) is shown in drawing 17 . As 
shown in drawing 17 , first, in step 201 (design step), the function and engine-performance designs of a 
device (for example, circuit design of a semiconductor device etc.) are performed, and the pattern design for 
realizing the function is performed. Then, the mask in which the designed circuit pattern was formed is 
manufactured in step 202 (mask fabrication step). On the other hand, in step 203 (wafer manufacture step), a 
wafer is manufactured using ingredients, such as silicon. 

[0179] Next, in step 204 (wafer processing step), a actual circuit etc. is formed on a wafer with a lithography 
technique etc. so that the mask and wafer which were prepared at step 201 - step 203 may be used and 
mentioned later. Subsequently, in step 205 (device assembly step), a device assembly is performed using the 
wafer processed at step 204. A dicing process, a bonding process, and processes, such as a packaging 
process (chip enclosure), are included in this step 205 if needed. 

[0180] Finally, in step 206 (inspection step), the check test of the device created at step 205 of operation, a 
torture test, etc. are inspected. After passing through such a process, a device is completed, and this is 
shipped. 

[0181] The detailed example of a flow of the above-mentioned step 204 in a semiconductor device is shown 
in drawing 18 . In drawing 18 , the front face of a wafer is oxidized in step 211 (oxidation step). An 
insulator layer is formed in a wafer front face in step 212 (CVD step). In step 213 (electrode formation 
step), an electrode is formed by vacuum evaporationo on a wafer. Ion is driven into a wafer in step 214 (ion 
implantation step), the above step 21 1 - step 214 - each constitutes the head end process of each phase of 
wafer processing, and is chosen and performed according to required processing in each phase. 
[0182] In each phase of a wafer process, termination of an above-mentioned head end process performs a 
tail end process as follows. By down stream processing, a sensitization agent is first applied to a wafer in 
step 215 (resist formation step) after this. Then, in step 216 (exposure step), the circuit pattern of a mask is 
imprinted to a wafer by the lithography system (aligner) and the exposure approach which were explained in 
the top. Next, in step 218 (etching step), the exposed member of parts other than the part into which the 
resist remains is removed by etching. And the resist which etching ended and became unnecessary is 
removed in step 219 (resist clearance step). 

[0183] By carrying out by repeating the head end process and tail end process of these, a circuit pattern is 
formed on a wafer multiplex. 

[0184] If the device manufacture approach of this operation gestalt explained above is used, since the 
aligner of the above-mentioned operation gestalt will be used in an exposure process (step 216), the pattern 
of reticle can be imprinted with a sufficient superposition precision on a wafer. Consequently, it becomes 
possible to raise the productivity (for the yield to be included) of the device of a high degree of integration. 
[0185] 

[Effect of the Invention] It is effective in becoming possible to perform various self-measurement, without 
using the original edition for measurement of dedication according to the aligner of this invention, as 
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explained above. 

[0186] Moreover, according to the optical property measurement approach of this invention, it is effective in 
the telecentricity of a projection optical system being measurable with a sufficient precision. 
[0187] Moreover, according to the device manufacture approach of this invention, it is effective in the 
ability to raise the productivity of a device. 
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oa»«*wje«stifcsts*3s«LT^5n5Ui; 
3#*£ OUT, rutstftfgu fcp?£) tf, ihLTffl 

tftsnmrnm^f-xD^mm (mm *ttsjL, 
t, r^TOttiffij tpf^) tfffejvcvs. 20 
->3 ym^mc-D^xit, wm£s wi 0-20 

9 0 3 1 HCi¥fflfc|Jfl353*lT^So 
[0 0 0 5] 

CfSEtflBftL.fcSfc'rSRS] tS£*OB)t«BT{i, 

^HHitHiis, *©ffiow-«!is*mv>TH-ai-r5, 

S) tfitLtlV^nTV^c. so 
[0 0 0 6] L*r>L&#?>, Hffll^A-ffl^Tgatt 

© g att-u^fT 3 ^s^a&s fe«>, mtf&a g attiJ 
[0007] sft, mmismfrzgi&ic&mtzmc 

; W XHitffl <D ;!/ fc ® £8IR#K RftggOX;!/ 
-7<y HgTOgHfc&Sftft, ^ft«£#i§5Cff-$J£: 

[0008] Sft, ^raittf-iijt^o^ Sim^moTt 

® cD<mmm l, *©tt»i«sfc»^TjsiBjtt¥* 

!tlfptSKtltIJ8§tDf2B*ttl-r§l/-lfT!$St(D 



[0 0 0 9] #fgfi«, frfrSWfcDTC&Sftftfc© 

& < , &a g attij^tT *^rfl6&«y£St«*ffi« 

[0 0 10] *%W©^2<0BWfi, Sf5^¥^cD-rb 

■t v h u -> r f %«a& < sta-r S C t T 1 5 
ttn-aws*jf £ tic**. 
[0011] *^©^3©awa, f^wxofifi 
* ir]± * * s c t * « -rv u xmm?5 % 

[0 0 1 2] 

A^fgH* ft, HuBH,TOftK J: o T,HgH^ nltl^tuSBS^Tt 

iJ)^^§ctA^^gattiJfflM(S«BXx-^i: ; 

[0 0 13] ChKiflB, gBItOTMSfSBXT- 
& oT, MftC =fc -3 T^WRjffi^S^^^Ofe 

f*wfi{jisffiffiiiia«fc g atf-sflfflj^isic^fig^ftfc^a 
gatt-wcffl^p»fts«iS(a?ion-«ijv-^<Dv^ft^ 

atf-»j*MHit*«.o 

[0 0 14] COti^-Kfe^T, WSJi 2 fCEISOSDfe 

(cshb? fttf-sw/ ^ - y iwea* tift - 

tut a88W)tTB8WS ft fcfulSfffiJffl / ^ - > ©2fS«tf 

jfM * ft ft prc , mmm t tfflestmm** $->t mu 

tt^g^ft* J: 5 CtufBgattiOTJlfK^fiXr-^i: 

[0015] _hfStf ^ 1 St>' 2 (C|B«0 ; &ll7 I c:ggt 
fe^T, BufHeaH-SOfflJlliSKSXr-ytt, SI5R53 

cfa«oii7 , £^B<o^<, tfiiagatt-SOTJgfigwgxx 

SftSVX^XT-^TSfeSC^t-rSCfcA^TtSo 
[0 0 16] iKOa^Kfi^T, 3l3i54CE«0»3t 
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tSfiE-r*v-^%«S-raS«S»8lf: ; fuB3g«£ 

vx?©-^©-?-^, MaSSSx-r-i'±©g¥v 
- * ©J2IBJfc¥lK*fl- L fc« t %Mi2S«K««*ffl^ 10 

[0017] ±gaai#« i 2 fcismw^s^agt 
[0018] ±iBH*w i ~ 5 [cmmv&mftmmias 

T-fXh-: ^3Vtf-«lN-^, ^Xb7*-7jXtf)JIPB 

[0019] XlSft 3^ 1 ~ 5 {ci2«©&«fcStWi::fe 
i^T, IS#E7£lE«©W^iI©an<, MIBSBMJ 

tfnSttWCt^TfS. 30 

[0020] a!«JH8fcia80}t*»ttfHi35ffitt, fi 
V- 7 £fifB2-£T ^©ffii V- * ©£ffl«*J&dc U 

MiBSf^^o^mi^^icH-r?,^ 1 fitB-ptffiffisra 

»K»LTW-illffl/^->*ffiJ*«Kji*bTtWEff-«iJ 

*stt^#*j*fH8|-rsxgi: ; MIBS!^^©^ 
JtMSHrtoS 2 ©^ffi^fHIv-* fci^-xsiSfca 
ttSJv-^^fiH^^T^cDttSJv-^cD^fS^JfM 40 
U MfBSg^¥^<D7 , fillil77l6]CIS-r§^2ffigTMfB 
^PSfi KM L TMIBtf-SM/ ^ - y^tiMWK^g LT 

•Kj*i&r*}iaufc»*«ttjii-r4xsfc ; MtBtf-sw 
^$-ytiwmym73fi]<Dm 1 ffiac&a £$©msbs 
ra«o9t»J«i*^ s f# s ft a mffiSH«o huE^wk it 

SE-T a ffi ft ©IgfifuB i: , Ml Bff-jSOT vftW&t 



[0021] cntintf, s»ft33&©wa&8i?rt© 

r£i©«g«tit|lj i:, HI&)fc99fc©*raMS» 

rtOS2 0tfcffljSiK:fflllSH3:fttti»v-*oaSra«*}t 

«DSifij©i! 2 eKfc^fjs-rstSrt-cw-anufeif-iBHiss^ 

&fc>^7fcttil3®rt?-©3l l ©*Sf»ffiB tff? 2 ©*£$!& 

wm-rao-e, w*tf3i i ©*e«ffis, ® 2 ©is^es 

-g-fc, b-^TMtCFl>7bt§tf£CT^T&^l© 
*Sfi<fiS, $ 2 ©IS«ffiB©fHBIlSSfc: filRl^o^^ 

[0022] fflSWgfcEKO^^xfiie^ffittx U 
V^7 7-i'XS*-&tyr-'WXgji^jST*feoT, WIB 

u y^7-f xeu«, m*i i ~ 7 ©v-f n^-^tc 

[0 0 2 3] 

[fS0£©HS8©ff2i] WT, *«^©-lia»ffi*H l 
~0l 6Kgr3v>TfB!l-rs„ 0 ltlt -^StHBtSfc 

OlMf 1 OOli, Xf'yy-7yH-X++y*S 

[0 0 2 4] c©«)fcgH lOOtt, «S&tfBW!Btt¥ 
^^r-a-ty^HM 1 0 , vx^tLTCW^/l/Rfcfiat 

fel«Xf->'i: LTOiAXf ->*W S T, RtfC 
[0 0 2 5] Mgf£$ 1 Ott, M&®~ltK¥ 

^^©rafiSiiKo^s^ftafflPST^snT 

[0 0 2 6] S&iEftif tLTte, CCTtt, -ItL 
T, K r Fx+^VU-f^ (jgfi2 4 8 n m) X«A 
r FX^7Tly-1ftf (jRgl 9 3nm) ^tbTjTSx 
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[0027] mmv^th-f^^yvte. nqje*WH 
ommis^tJWj^y y 1 2 (iaiT(i0^=t»§, la 

2#ra) fcfr&flDSSft-CVS. fttfrf-ZA/f^'O 
F tt, l/f?;l/RO/^- €■ ©±t|Sffi 
£ffi*HCx7*-#XLfcffif;:BBfiStt, l^?;bR± 

iri (xtt^iojfra) tc^-ti^Mis-rs^i&ioffissL 

[0 0 2 8] 1 0fc£3fc, ttaTP^LftRft 

3fcfcLTOia^3tt C6CK rfia^Jti LJ fcRf-JO tt* 20 

JSS I A R^-^gT^-TSo 
[0 0 2 9] fcfe, smis^thf'yJyY 12(i, £ 
SR3tOgSi&^F &tf**7R£fc: ±SJWgB 2 0 (c J; o TftJ so 
f^n, fSKfllSEl AR£Mfc«g-f3;ii:C<fcoT\ 

[0 0 3 0] miU^^JlXT—iyR S T±fc(i > bf- 

•to. «a-raaKy£¥3SPL03t(ftAxtsEaxY 40 

¥ffirtT2^WfC (XWlSlRk Y|dlS-|p]Ra"XY¥ffi 

Ux^l/Xr-^R S Ttt, L/^;l/R©£ffitf'>&< 
fcfcSKtt3«P L©3ttttAX*«W*Cl:*^**« 
ft © Y f O^liX h n - ? ^ L T V 5 „ 
[0 0 3 1] Uf-^l/Xr-v'R S TCQ-YflJSgEififg 

tea, aaSHBfflSIRtLT©Vf-^;V7-f7*a-3'ir 



R F M X WTjIr] £ & o T fro bx ? ;l/ R t M/uTBEB 

R k^lOif77*», «*(f^«E3W**^/E, 
7 >7 it U 7^72^ ©ffi©7 -y {fc«£H& , b 
f^;l/Xf->*RSTClSSnTl^o &4b\ il<DU 
^7/bV-^j£R F MO^frWS^tco^Ttt^-r 
So b?7;l/Xf->"R S Tii, l/f^^ROiltl/ 

P LO)fcWAX^SI^]5iii:^t?fr5gacDYtt^iRi© 

[0 0 3 2] £fc, Ut^VX-t-v^R S Tfcti, Uf- 

L OilSg i: % § PjB P * ftJptUBjS 2 ft T V > 3 „ 3: fc, 
l/f^M-X2 6<DS^7t^P LcDISl£K±<DgB# 

[0 0 3 3] l/f^;Wf->'RSTi(i:li 1 
U-^mm CUT, rw^i/flSthJ 13 

fet), Uf^;Wf-i?R S TOXYBfiOffiS (Zft 
fHliJOlHlg^lDlT'SSe z?J[R](Dleie^tf) (ib^^ 
/l/fittl 3EJ:r3T, e>Jxff0. 5-1 nmga©53- 

i-tfr^mtl 3ttYW73(Rlti:'>S< fcfe2$fi, X$SS 

1 5 , \s?i>Jl=Fm 1 3 t LT^$ 

[0 0 3 4] is^-tnlTMt l 3*>c.oi/f^;l/Xr- 
i^R S TOffilMHHfct, 7-^Xr— >h > (Xttv-r 
i7D3>kf^-^) *>6(fia±SrJWSB2 0Kja65tl, 
±$iJffllgS2 0fai/f^Jl/7r->*R S TcDf4S1f$g 
(cgesv^r b^ 1 ^;bx x- ->*IK»i^*^ L T ^ ;l/X 

[0 0 3 5] Sft, Uf-f;l/RO±»Ktt, J2«)fc¥3R 
P L«7>LTU^d';I/R±Xl4U^i';l/V-^tSRFM 
±cov-^fc'7X7NXx—>*WS T±OtMt5l¥^ 

TtiSft^fflV^/cT T R (Through The Reticle) 77^ 
^yF^P.fiScSffi^ffiHi:bTO-^(D^^;bT 

2 8^ ({B L, H HCfcV^TttffiffiHilOR hMW. 

mt^m*) tftit^ntv^. cn5.©RAii^2 

£D*^, b^^/l/R^f.CD^Tt^^tl^nOR AP» 
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(om^t, - 1 1 & 4 6 sw^mmcm 

[0 0 3 6] fufH&fgft^P Ui, U^^^X-r— >* 
R S TOU 1 (CfcttaT/jtKS^ft, ^OftflAXO 
^lojtf Z tt^lR] h £ft, c c T'ttSfJr U-^r > h D d7 

2 ft fc«S8W> U > Xx * y h 5 $ S S8Ttt* & 

fL\l\/Afe (Xtel/5^) ^fc£oT^3„ COft: 
46, HPMl 0fre>OHSTOI LiaoT^^;l/R± 
OX'J-y btt^ffiigU AR*W?ft5t, COlx^ 
*7l/R*fflfflLfe!lW»fcI LK<kO, fi*3t^^PL% 
MT^OX'J-y HOTELS I ARftOb^?;bRO 

@K^^-vott^» (gp^fjitfi) t>mmcy*hu 

v^X h*^^ft/-Ox^W±(OBUfeMH^a I A R£ 
£«&Wfc£ttI Afc»*£ft*. 

[0 0 3 7] huIB^X^Xt-^WS Xt->X 
-X 1 6 ±ffiK»oT«l*tf««»±a!23»C7E 'J -77 
^aX-^fre/^STO^O^x^Xx-yigSj^;: 
<fcD, XY2^7cffirt ( 0 z HHtefcStr) TgfttdBft 
Stl5J:?(c4oW5. LCt, 2W^)-772^ 
aX-?«, XUgfjrW/k YIESjxifVl/Ofti, ZffiSb 

Z, ex (XWIhI!3<D1hIK^Ir1) , 8y (YffllH?) O0 

[0 0 3 8] ^lAXf-i/'WS T±tC(i > -y-XM*;l/ 
2*2 5tf«B£ft, uCD^7XMd->;V^2 SKiot^x 
nWtflMf (Xfiitf*^) CioTffiif^ftT^ 

So ^iAXf->*wsTiKtt, ^-x^-rv 

ft-5) s ^OffiOS^V-^mg^ftftg^V-^ 
FMjtfHgSftTVS. COS'^v-^lkFMOgffiff 
?XMWi:ISf£l^— iSS fc£ftTV3, 
[0 0 3 9] &*5, >)i;\Xf->'WS TfcftX-T, l> 

x7t- # & a vfi^tBit- n m<D mmmc x o r x y 

2^7cffirt-pO*BaBlSft« 2#7C&ibXx-v ; £fflV> 
3if£-fCfi, ")XA*;^2 5*, Z, 6x, 0yO3 
S ifiWlRjKflfl* If X ujfr^-zmz- £ -3 TS8'J> 
ffif&£ft5Z • l/^'J>^f-7MMT?(D2^ 

[0 0 4 0] fufS^XMXf— i^WS T±fc«\ ^xm 

sou— tfe-A*gjs-rsgnMi2 7*'HS$ft, ft 

j>"WS TOZ*lRl*l»< 5§&fi£lRl (X, Y, 0z, 
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6x, RXfd z TJErJ) OffigiWJxJf 0. 5~lnmg 
[0 0 4 1 ] iicr, SI^Kii, ^XA^f-^WS T 

±Ktt, ^ai3Wo^aE&i^T**Ytt»iaicBsrr 

£ftTV*tf, 0 1 TttCft53b^«C»IWSl2 7, 
>y-x/vF$H-3 1 fcLT^^ftTVSo 'JiAXf-^ 
10 W S T OffiPtf $8 (XttjfflSIBS) 2 0 t 

2se>ft. ±M'fiiSi2 o TttffliBfiiWll* (xaiisif 
IS) icl^^T^i^OxAXr-: ^Eij^^LT 
■jzx^X^-y'WS TOXYSrtOffigfcffflfflPTSo 
[0 0 4 2] ^xaXt- i/WS TOP3SHC&, 

JIIS5 9*«|j*r*3te**0-»3!ffiE«*tlT^*. C 
ct, ffilllHWHi»5 9 0*lj«fcov^Tfe*i-*. CO 

^!5ft!ffPJt5 5 9tt, 0 2 tC^2ft3 <y"X^X 

f-v^ws n:sit?,nftxf-v'ii«, 

20 ■*>/V?->Bl8ffiti£L-Z<DXVv 0, b>X'8 
4, 8 6frf>KUl/-m, 3tKSf5ffltfffl<05 5 
-8 8, mft\yyX8 7ts ^XAXf-^WST^ 

7tll^^i:LTO^-tr>-9-2 4, 
2 4 07t*g^fi^O{i^S[H]S§ 
4 ZlttKtl^. 

[0 0 4 3] Cft^Mt^-r^i:, X'J7M90 

tt, ^ 2 fc^SftS ^x^x-f-^WS TO— 

dOX'J >y b«9 Ott, ¥ffiHfi^O^)1£A"7X8 2 

«it8 30-»K:tHI«ffl/<jf-yi:tTOBf£« (2 
D) OXU y F«OiP/^-y(«T, Tx'J <y 

2 2AV^-yxy^ftTJFM^ftT^So 
[0 0 4 4] WIES^«'7X8 2 0*«tLTfi, CC 

v^-^T'dOjiiltto^vv -a-iSS^, &3Wf**A< 
5^if*W^P.ft5o 
40 [0 0 4 5] XU-y h 2 2TSOxAXf-y"WS T 
FWute, XU -y h 2 2^LT»ET(R]^CAWbfc 

8^S^-STbVX8 4, 8 6*->P)figSUb-3t^ 
(8 4, 8 6) tfffiSStl, CO'Jl/-^ (8 4, 
8 6) O^iS^TjO^xyNX-r-^WS TO+YUOfflU 
Ht, 'JL/-m (8 4, 8 6) K^-DTfilT^SSg 

iwsw-y u-shftwssfi'^f-yw s to 

[0 0 4 6] 1^1/^X8 7 CioTCX/^r-^W 
so S TO^SBfC^»3tB?ftSHgffi^03tSS±{C{f, XII 
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s To^mcm>jmsnfcmm^cDyemmm±ijic 

t)fltf ?>ftfcftSg±{CiMftl^X8 7 EJt^TASCg 
7tU>X8 9tfEI?nTV^o C©£ftU:xX8 9© 

Tt-X9 2rtfClR«^n, I^r-X9 2 

9 3 4MT^-X 1 6 0±I(i:ffl^nftie9 4 0 10 

C0 0 4 7] WI23t-fey9-2 4 hUTte, 

a& < ttwr ^ c i: A^a^g ssjr? cs^* 

?) , iitl7t h- • v^X^-Yi' • 7-3.-7 (PM 
T, ft»?tffSW) &£*W£tt5. 4© 

m*fi^saa-r^m^Maisiss4 2«, 

X;l/*;l/X, A/D3>;^ (Ji^i 6 tr-y !>©#$ 

[0 0 4 8] HuizBci^P < . X'J <y h- 2 2 iiSWH 

8 3{CJB^^nTV>5*\ JJTFtfcVTfct, ffig±XU 20 
•y MS 9 OCX'J-y h 2 ZA^jSStiTV^fcOfcLT 
Mm^TVo X'J -y h 2 2 ©ES, S^ffiCO 

[0 0 4 9] ±i$©£ ? LT«$SttfcSf?fl$iff-jfJt§ 
5 9SCJ;St, W^^RXttUf^^W-i'lRFM 
{CffM^n/cttSljv-^Ogf^^P L^LT©S 

»® ®w«) ©tf$i (cntco^Ta^iE-rs) ©g* 

X U -y b & 9 0 tfMWZtlZ ^©X U -y h « 9 0 ± 
©XU-y h 2 2£jgELfcraftI LtfUvX8 4, 5 so 
7-8 8S.t/b>X8 6, 3t^b>X8 7^LT->x 
AXr->*WS T©^g|5{C^tm^n?., LT, ^© 
9x/^r-5'WSTO*1.»t»*ffi*tiftJl6tt, 5 7 

X8 9%J>LT3t-fey-9-2 4 ti^Tf^h, Kftir 

[0050] *mMmm<Di§^ m^-tnmm 
(QT&m ©h-amx y 7fx++ y^^t «t d ff ton « 

5©T\ ^©IgKH:, Sl^byX8 7*\ S^L->X8 
9Rt>")1fi-tr>^2 4lCftLT&M?5CtlC%;%> a 

x\ Qmmtflm 5 9 ^©iSHrtT^si-rs^ 

7"fib>X8 7^Lfc^-r^T^b>X8 9 tcA*f 

[0 0 5 1 ] l(D«^ £RSfiff«5 9T*«, X U 
•yMS9 0, P>X8 4, 8 6, 5 7-8 8, Sffi^ft 
1^X8 7 1 J; *yyb2Z*ftl/fcjt*9XA* 



ffPjfl 2002-1 98303 

12 

>X8 9K.tf7fi-tr>+>-2 4tc<t-3T, ^i^Xf-i'W 

$HI*nTV*. LT, fflllMMHiKliLTO*, « 

[0 0 5 2] ffcfcS, gHfttf-jfflft 5 91»tt, 7t-fe> 
+J-2 4A^XMXf->*WS TOn«5©m£ffi«lc»tt 
5ftTVS;fca&, Tt-ty-9-2 4©fgiitggLT^-+f 
T8WH-3 i©H-iJ«JS^MfJ#^x^t3-rsci:^ 
iJiAXf-J'WS T©^g|5tF*3gPi:*7 
'Ch^ F^fCJ;!3SMbTV>%V>©T% <7x;nXt- 
5>W S T ©ftg|3 1 F*3g|3 1 ifi 5 -f h #-f K <fc 0 Sfit? n 

£*&©<}: 5 c)xAXf->*w s i nmmn&ifw^ 

[0 0 5 3] f5©^#£»?t 3 £5 

[0 0 5 4]B1KS5, SU7t¥^ P L ©fflJBt «, 
■7x;>W±d77^^yhv-^ (ffig-a-to-tirv-^) 
^Hi-rsv-^ffl^t LT©^77^->X • r^-r 

©77Y^>"b^ALGi:LT, IiJaiSS077'f 
I A ( Field Image Alignme 
nt) ^fflV>6tlTVSo C©7^^^>M^ALG 
tt, H2K>T^nsj;7^, 77-r^>hffl7tjf,3 2, 
a-757-3 4, £l*H*l'yX3 6, m2jtm\s> 
X3 8, fg®*? (CCD) 4 0%*3-A/ejgj£StlT 
VS„ CCf, ^ig3 2 i: LT«, Xn— bVOKOSS 

^^•ttifcf-rs^ayy^^xti^fflvsnso c©r 
3 2frtb<ommmc£r), A-757-34, m^ti 

b^X3 6^/TLT'7X J 'NW±©77'('^>hV-^M 
w*BHWL, ; e©77^^>'hV-^g|3^?.©Slif7t 
*S 1 n^B\y>X3 6, a-737-3 4, % 2 ft®) Is 
>X3 8£;ftLTJH£*?4 OTS^-TSo CtxtJ; 
0, ^S* J ?©§7feffit77-<^>'hv-^Mw©f3f3ll 

m^jifl^, •r%to^77f'^>'hv-^Mw©sit# 

£tt£-rsftag©^#««if£?4 0A^^FK^©77 

-y^ v hSijuss^/i-LT^w^a 2 o n 
So ±ffl»ss2 0T*tt, c©jt^a#^}ca-^$, 7 

9 ^ > h ^ A L G ©Ifffi fp^S?P fc t S 7 ^ -r >< y 

hv-^Mw©ffig^m-rsttfct, ^©»tti^ 

fc*©tt©"7x;N^tf-3 1 ©fcB^j"J?fe'5 , 7x/\XT" 
— ->"ws T©ffiS1f$Si:tcS'^i/ - >T, ^x^^tha i 
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[0055] *%mmm<D&Kms i oom 

(S]ltT^i5:oey*-;l/XttXU 7 hO^ffM^Sfc 

•a-fca, s>t^6 o bfo<Dm^L%:\^Wrt¥W.<Dmm 10 

(60a, 6 0 b) b^r-^xT^co^^UT" 

<DM£MW®&& (6 0 a, 6 0b) kH8©£j&&jS 
ffiS^^Cif¥IH^1i/Stt, 09*tfffilffl¥6-2 8 3 4 
0 3^^fC^2nTf5o 
[0 0 5 6] ±MflSH2 OTftt, &j£T.&j£**ftRS 
SSt, Stt3R6 0 bfr£©j££-fttffi^ (f7t-*X 

XAXf->*WS TOZiW^fRl^Oigi), Rtf2#7Cj£ 

cr&fe-s, ex, e y ^[R]cDi5ife) «-»-r 

3, ^&fr^£j££u£ffiB&ffi& (6 0a, 60b) ^ 
0, HWiJfc I L<DB8«£« (jfflBIKU I A R fc*g#KI 
h 7 *-*X (g»fy££fc> 

[0057] ^t, #nm&m<Duyti&w 1 0 0 c^it 30 

[0 0 5 8] Sf, *H^©U**;l/*aSRfcJ:DUf- 

n, n — rV > ^ 3 >lc £ £> 
^*Xr->'R S TKKtiS^M. #V>T\ ±f&J$J 
g§2 0tcj;0, ^XAXf->*WSTSt>*^^^X 
f— v>R S T©ffiStf$iJ»2ft, bf!)^Ri!c«IJ 
ftfc^H^Ob^^l/T^^VhV-^ tOSIJ^ (^ 

nflo fi^noAM-nffi 5 9 *j8^T»*r* x r> k. lt 

3„ 5, Ut^;]/7^^> btffTfcftSo * 40 
*5, U^/l/T^p^ Mi, Mi£L7t-*f£DR ASS8 
^1 2 a tc Jc 0 . b^^;l/R±o-*tob^^;l/7^^^ 
y ],v-i/ PFI3;fO cn^h^x^x-r-^WS T±© 

©aejeggRp L*^-ufe«t%iRi^K:«sf 

U Wv-^fgKorattGlBIW^i:, JfOtf Ol/f 
T»fH 3&tftfi/vF#tf3 1 ©ffililfceg-iVT 

[0 0 5 9] ±W8l2 0ia^ xyyhtR so 
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9 L G©iTp\{it«-f 3 £5 tc, 

<7XmXt-^W S Ttf&flStX, T^-r^yh^AL 
TS»ft« 5 9 OfiBS* £ £3 X U -y h 

i:77^^>hlSALGi:<OfflWfiiS, "f^fr^^ 
/VM&A L GO^-X^ 

[0060] *^^^-X7-rvtf-w*i7-rst, i 

ftJtPSS ZOWD, 09*tf fSBBIB 61-44429^1 
&$ift£Ei¥*IBfc:|iB>S£ftS EGA (iyn^ h • 
□ — • 7'7'1'^^h) fOxny^^yhtfR 

ft£„ fcfc, CO'j7X^7-5-ryy htc^LT, «}x;n 

<D+)->7*;I/^3 -V KO>)XA77^^yhv-^Mwtf 

(H3#ss) „ 

[0 0 6 1 ] #IA?\ ±fflfflSS2 OTSi, ±T*46fc 
7XAWiO&->3 >y hSWSOffiBlfS&lM-X^-i' 
V&cS-cJiaT, TitftS 1, 1 SfrScDfiSlffSS:* 

— >"R S T^g^ffigCffia^feLT, 1 ~> 

a-y hnl^O^SS^T^o 

[0062] -$ts.t>*>, ^\mmmz ot-a, l^^/b 

Xf-^R STt7XAXr-i/WST fc©YW??|Rl3* 
lRj*©ffl*t£S*H»&U MX-f-v'R S T, WSTtf 

5S»ttMj65nT^S* < , ±»JW»B2 0tJ;^TRl») 
b9 L ^;l/7"7'f>F 1 2 0g-7*l^-FO^®i*' i ^^;l/ 

^txsctti, a^OX+^xy^-Xx-y^tlBUST 
55£>o 

[0 0 6 3] £»SB2 OTtt, «ft±EOjt*B3fc 
RStCUf-^rt/XT— v*R S TOY«i^lRl0^i!i3ifiV r 
fcylAXf-^WS T<DXtfi^[RlO^«)jiSVwi:^ 

i9KW;Wf->*R S Ta^XAXf->*WS 

[0 0 6 4] ^LT, l/f^;l/RO/^->I«OSS 

3 ^jgWRaiJitt i l T^gaw * n, ^ 5» - ym&m 
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[0 0 6 5] LTfg 1-^37 hffl&<D&BX9tff& 

[0 0 6 6] C©«fc^{cLT, ->a -y hWXf-y tf> 
7 7" • 7>F • X*tyHT")iAWJ:O^TO->a 

[0067] ccx\ ±M<Dfe&mft*iai, &myt& 
jkPLic~wmc%t.W}ibtirc7t-±itt>v (6 0 

a, 6 0 b) Srffll^T, fu$ Lft*- F 7 #X, * 

[0 0 6 8] ££3-7, ±!e© J Ea®7 I e*(c, l^-?/!, 
RO;^-yf7x^w±0->3 -y b^tKfcJgfiit^ 

snti^cj:, msm>*m?k? Lvt&wft&imm. 
[0069] ±feo^^tton-9j 

[0 0 7 0] mz^it, ^««tf«IJS5 9*fflV^T, b 

f-^;l/v-^*SR FMtcjgfigStifcthaiv-^PMoa! 
[0071] sraiHttiBloKWfcJfefi^T, b 

[0 0 7 2] ^ l/f^;l/?-^lR FMfcOt^Ttft 

ftfcU^^V-yfiR FMA^tlffiLT^^nTV 

[0 0 7 3] COl/f^/l/V-^SRFMtt, Yfftelfij 
C^fi^lRj) OS?*l^(iS5l 6 mm (JgfgfgWl 
/4etlT')lAif4mra) , XW/jIr] (^S7J 
IpQ) Ofi^A^Jx.ti'^1 5 0mmT*S5„ £01^7/1/ 
?-^SR F M<D^X*^Xfi[R] (XW7j|S]) OMSigP 
%BKf*8Pfil 0 0mm GaKte4Wl/4«i:LT 
7iAlfZ5mm) OH^BPi!^ I LtfHaiMflEft 

£Sftf*§#-f«fflc iAFtftotM. co^Mftfi^ i 

A F©X«l^[R]C0(Sf^gl5 (^gpoSWS) CffBffiLfc- 
tt<DR kWM.W.2 8{CJ:t), fJgnJJiftU^?;^^ 

[0 0 7 4] Sfc, I AFOXKlSlfllfii 



£ttTV3„ Sfc, ^B8l*««I AFOYW^IrIOS 

PS) TlSO A I SV-^7'n>y^6 2i*<ESSftT 
l/->S„ Sft, Cft5©4mmfflll-?ES£ttfc:A I S? 
-77*P-y76 2i©ffi, ^^fitS^ffi^ (60 
10 a, 6 0b) 0^7t^©^»^cMfS-r«SiJ^¥^ 

A I SV-*7*ny* 6 22tfiBS£ttTV3o COit 

©ff-iJ-^ £j&«y5ffigfcffl£ (6 0 a, 6 0 b) ©& 
•b^<Dm7 l 3{c5fri.^7-fe-y Ha^Jf>JSjSifflB (tftffl 

W§\ Slffl«fhiB!lfe: «fc 0 fi= 5 PStc, X U >y h £ 9 o OX 
>J -y F 2 2 *&VW&yt¥J& P L frfuB ( Z ffi 

B) fctfRllii:**. fcT, XU-yhS 

20 9 ooMwaois^sgwtc-rsiitA^tSo ft 

33, JWTfcfcl^Ttt, ffKi&gftif A I S? 
-^7*n7^6 2k A I Sv-^7"a-y^6 2 2 £, # 
CKBiJ-fS<:fcft<, A I S v-^7*n 77 6 2 

[0 0 7 5] l/fi'^V-i'fiR F Mt'tt, AISV- 
7 7*07^6 2(i, 7gS73lRl (YM) Cti, lffb 
frlBtfettTVftVtf, jSfgft^P L©X+-V>73[p] 

7;Wf- >*R S TZ®W)LTftz.l£&\,\ 
30 [0 0 7 6] ^fC &A I S V— 7 7"a-y7 6 2 F*3© V 

-i?wm<o-m\z-o^zm 5 ts-^-ci^-rso m 5 

A I SY-77U77 6 2tf&*LT^£ftTV^ 
5 0 t©B5 AISv-77a7 7 
6 2fi(:tt, MSZ^^Vhv-i'- W077 
63ai, 6 3 az, X'JWUtyh-?-*? -Vf? 
P7^63bi, 6 3bz, 7^>7>FX^-X 
?-7-t77*ny7 6 4a 1 ^^S^-f' >7V FX-? 
-XV-7 ■ -9"77n-y^6 4 b, 
/l/3W-7-Wn776 5 ai, 6 5 a 2 , ^1 
40 i/~ 5ry>'^;l/3W— 9 • VfZfuy 5 6 5 bi, 6 

5 b 2> ^-.^ 1 ^jc^-y^XV-^ • fy"yn7^6 

6 a i , 6 6 a 2, 1 ^77X7-* • 
D776 6 bi, 6 6 bz, ^.*"Siiinv-^ • -9-7"7*o 
776 7 a, #>^ig/jDV-7 • ^7*7"a 77 6 7 bi 

FX^-Xti, L/StWtS. 
[0 0 7 7] iiuf2*;tf§yL/S V-^ • ^ffuy^6 
4 aftttt, 0>J^.lf^eo. 4/im~4. 0/imSTO 

so PMiA^ES2tlTl/^„ ''T, **""?-7t(±, 7 
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ffl<D*7jV-7 PMz«, WJx.tt*|giflO. 4/im~0. 
8 (inKDra-' r-ftt 1 : lOL/SV-*^8 0/im 

t° >y f t- MA/ev-" s * ? 3o &l/sv-^ 

[0 0 7 8] tufe*^SJ->-^>-> + ;l/3vv-^ . -9- 10 
y^n-y^ 6 5 aiftfCSi, liJ&frlRlfcXftTJlR] fc-TS 
g&SSflSOf a-f -fttl : 1 cDL/S-7-^A>Sfiic 

S->-!ryv't;l/3VV-^ • ^7*^0 7 ^ 6 5 azrt 

■fitl ■ 1 ©L/SV-^fr&$S*;tfV-7PM4tf 

[0 0 7 9] Hrfie***^ 1 #7C* -yXXV-7 • 
07^66 airttctt, fflX.liffi.1B 4 0 (iragSO^ 1 
"jJVi^-yt, flM-tfMlO. 4-0. 5 6(ira@ 20 

jttf'-y • -y-^^n'y^ 6 6 azFtyCfct:. V- 

7 PMs t|Wl«C«?nSH^[R]?:Y^[6]i;-r5T- 

[0 0 8 0] tuE^'JMJV-? • •9-7'^ n 7?67a 
rttfi, ^5^54iiOfa- ■rt'lt*' 5 1 : 1 J-iWO 
L/SV-^, 09*1*7**— f-rttl : 9W±0«H* 
iT^V-^ PM;^ ^§yv-^7 (SMPV-7) P 30 
Ms, ^(OftUfflil^tO^^V— 7# s EB2tlTV>£ < , 
CtlP,©V-^PM7, PMsfcEJU^lRl^XW^lRlfiDfe 

[0 0 8 1] tfflB^JtfST^^VhV-? -U-y^D 
7^63ai F*i£tt, «!IA{fE^(RlA^Xtt73lRlO*8ti 
2 4 /zm<E>f a-f -fit 1 : lOL/SV-^*^^ 

(fia-7-w pM^EgsnrvSo 

Sfc, MST^^Vhv-^ -+l-7Vn-y^6 3 a 
zptycfc!:, M^«'E?iJ7alR]^Y|li7?[B]©^l2 4(imO 
fa— 7V J£l : 1 (DL/SV-^A>P,figS^^V-^ 40 
(F I AV-d0 PMio^ES^nrvSo 
[0 0 8 2] SuKstf^SL/SV-? • '9-7"7"D-yd'6 
4 brtC^i, ^JAtfSatlO. 4(zm~4. 0(imS7© 
fa- 7VJ:tl : 1 <D L/S v-^frP.figS^i/v-d' 
PMn ^ES^nrvSo ccT, tfs^e-i'fctt, m 

-^PM,2 fcB2B2*nTl^ 0 &L/S T-^tLT so 
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fi, ^W^^xW^fRjcDtcoiiYtt^ofeoi:*^ 

[0 0 8 3] Huf2^§^-^>i/^;l/nvv-7 • +f 
7VP>y^6 5 birtfete, Jl»73(R]^X|fi73[R]i:-rs 
M&£*St§©f a-f fj±l : 1 ©L/S v-^frSfiSc 
5#^v-* PM13 SHPBTES^nTVS, tf^ 
S->-!ryv't;l'nv7-^ • ■y-yyp-y? 6 5 bz|*| 

-fi±l : 1 OL/SV-^t)S5*'>*V-^PMH 
-SKSlT'Eg^nTV^o 
[0 0 8 4] ftuEtfv'S 1 &7t#-y • ^7*7 

P-y7 6 6 bifttctt, ^J^.(f*Si(iS4 0 /imgSO^V 
0!l*{£|g*IO. 4~0. 5 6)imi 

Som/^^>^^-y^xii7^ioi^fiiT^Pi <m 

tt\ 4 0 (imgfi) TMAvTS 1 ^TCV-^A^JSS*^ 
V-^PMi5^'ES^nTV^ 0 fJE^^l^ 
Tt^-yd'XV-d' • •y-^yn-yd' 6 6 bzrtlcii, V- 

7PMu trattK*iJ58?nEW3Eri^*YW3En^i:-r** 

i^V-^PMie tfEBSnTV5„ 
[0 0 8 5] ME#5>§!j&tav-*> • V-77uy X 6 7 
brtCtt, ^S^SfcJgfiCf a-f -rirbbM : 1J£W 
OL/SV-*, W*tff*-f*Jfcl : 9«±0«tt 
^iilgv-d'PMiy^, mm-?-? (SMPv-d7) P 
Mia, ^OflMjMS^Otf^v-^tfEBSttT^So 
Cft^cDV-d'PMi? , PMis^feE^miRl^XWSlRl 
CDtOfcYW^lRlOfcOfcAWP.nTV^o 

[0086] MiB#^S77>i'p<>'hv-$' --y-TVP 

7763bi p^ctt, #J;UfE^|Rltf X«#|r1<D|MI 
2 4 fim©f a-f f itl : 1©L/S?-^PiBEIi 
#i>'v-7 (F I AV-iO PM19 tfEBStlTl/">S 0 
Sfc, tfi'W^^bV--? • +f-7Va>y*6 3 b 
zftfCW:, mffE9lJ#lRltfYffl73 foozle 2 4 ;tm© 
fa— r-<J±l : lOL/SV-i'A^tt^i'*?-^ 
(F I AV-» PM20 #EE24m">3o 
[0 0 8 7] A I S V-^p-y? 6 2 FtyC 

tt, 120/jraft CM$l/4f7XnI±ftt3 
0/im&) ©EfrJgV-^A^figS^V-? (BOX 
V— 7) PMzi, Line in BoxV— 7 P M22 (CtXtO 
VT&Hfc&iEtS) &Ht>EB£ftT^5 0 
[0 0 8 8] ^^ff ttW 5 9 *fflV^SH« 

h«9 0fC{i, Mx.(f06 (A) K^?n§d;5K, X 
ffl^[R]fcfftf 3RfT£tI2 DOXU 7h2 2 W2tlT 

[0 0 8 9] fflHIfllOtHBIfc: 3 fe D , ^.fflmmW 20\C 
<tD, RlllUf W7^yH 1 2Wi^(D7"7-i'> 
KBidaB^^LTlKifi^ti, H2tc^^n-5J;?t. 
Uf ^;l/RO«I LOHIWffi«A^iJv-i>PM* 

^tr3f£1H«0*CllliJiasns. ftlv-^P 

MtLT« 4 YtSTilRlCJSIWtt^Wrsf a-f^tfc 
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1 : lOL/SV-^ W*tfi&»UfcV-*PMi:B: 
[0 0 9 0] C<D$mv, mmftl LA^b?-7/bV-? 

SRFMcEawsnsfc, 02 testis *5tc, ttsy 

ffifcH-«iJv-*PM©£R8ji (JSK«) PM" 

ns„ c©t§, 9iAXf->"wsT{i, £ng#tf-sa 

8§5 9 OX U -y MS 9 0±©XU 7f2 2C+YI (X 
(i-Y» (ctuia^P^PM' tfJ&SSttSffiWcKS 10 
SntVSfcOfc-rSo C©fc£©SMMffiJ8S5 9© 
¥ffiH*^Bl6 (A) KSShT^S. 

[0 0 9 1] ^ LT> ±M$P=KB 2 0(C<fc»X ^lAX 
f-VllM^LT'JXAXf-^WS TA^6 

(A) mc&ft? T°m-£ti%£vlc + Yl5mcmW>-£tl 
XU>y Y 2 PM' lC^LTYfS^lR](c 

jESSftSo il<D^4 5 t> X'J-y h 2 2£fflifrf Sft 

(ff^Ttl L) A^iaXt->*WS TrtfD^tBgP, 
§)tbVX8 9*/rLT7t-b>-9"2 4Tf)t 

%ojmm&m^mm%mm&A 2£/i-lt± 20 
SJWSB2 ocfia&snso ±MWi2om ^© 

[0092] 06 (b) ttt, ±m<D^mmm\<omc 

[0 0 9 3] £©!§-&, ^FtSftPM' ax'j7h2 2© 
;£g^fr (YMDJIrJ) OB (2D) Oj»#T?«*«F^b 

[0 0 9 4] fot, X'J'yh^p (y) . ^(t©^ so 
(y) , SIJ^nSTt^Mi^m (y) t 

•tzt, swoMMi (y) tmmsnzw&m 

(y) OHftSSO (1) STSWC fctfT**. 
CO (1) afcfcVT, KS^i (y) , $Sft^m 

( y ) o*ffitt*ffig*afcooaai:-r*. 

[0 0 9 5] 

[» i ] 

m (y) " [p(y-u) i(u)du ■•■(1) 

— OP 

[0 0 9 6] w 
[ft2] 

p(y)= -(2) 

[0(|y| > D) 

siwsnasaaff^m ( y ) «x<;-yh P 

(y) fc£W«©3ilfi#ft l (y) oa^'Ja-fa 
[0 0 9 7] Sot, tf-fflfflfiOffiA^a, XU-yh© 
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24 t LTJ8^S«&fctt, XU <y MIA^WM^ < 

fi, X;l/-y-y hOffiA>P>^Hg^ttSiJBt0^23Sfi(c 
tt, -$£©«Wfe£>fcJ6, X'J-y t*<g2DA^S tHc 
fc/J^vfc, XU-y h 2 2 *SBi-r*)t«A^hS < & 5 
art, lt»lli:%oTLS% 

[0098] nmm^y^=L]y—y^yRvfmsm^x 

Dfffc&Jlicifttf', XU-y h*S2Da, g^SBOfS 
flMSfftf-v* (fa-fi'ttl : 10L/S/^->0 

[0099] ±m\.KQmmmm*m^2>Qmmmi 

a. ^Xh7:*-*X{iZB©t&^ b. 

ymoftummnmm, c. t^j tyhmmmMG 
[0100] Jtmmmnmmm. 1 0 0 kew-s c . 

^o^ffiBo^mco^T^-rs,, 

[0101] WTKfel/-»Ttt, £R3«H-iII&5 9£liJ£ 
-TSXU'V M£9 0±C«, [27(c^£ft3J:5fc:, X 
ttfilRlfctttf 5Bt£H2 D, ft 2 LOX'J -y h 2 2 a 
fc, Y**iait#tf*3f£«2D, fi£L©XU'yh2 
2bfc*MSnT^5. 2Dfi0!Ix.{f 0. 3 

(jmt'SD, LfifitUfil 6 /tmT*$5. XU-y 
h 2 2 b«XU -y h 2 2 aO-Xl«4 /imRlTTK 
B£ft, A^+Yffl!liC^)4 /imHTTBaB^tlTVSo 
Sfc, >)XAXf-'>"WS TOP^gPO^ffigP, 3^- 
MRtf33fcU>X*ftLT)tfe Vtf 2 4 K± 5XU -y b 

2 2 a, 2 2b<D^-fti^mmLrz^i>sm^mi l c 

Sot^SfeOfctS. J-xTtte, tffc^SA^ 
V>|5g0, XU-yb22a, 2 2 b SrES'J-f £ £ fc&< X 

'J 7 h 2 2 tty£a 

[0 10 2] <^XP-7*-AX{4g©1$m> £©^X 
b7*-*Xfiffl©tfctfJtt, ffBittf A. JfflB)fe**PL 
©^Xb7*-AXffigl©$ffi&U : ft&*S{f!ffi (ttffi) 

[0 10 3] **SSmiT«, ^©.fcSKLTjS^j* 
^PLO^Xb7*-AXfitBO^tti^lT9o CO'SX 

W.R FMlOfa-f-rtk 1 : lOL/SV-i', Mx. 
«V^^;l/V-^1SR FMOXli^lfilfp'WcfitB-rSA 

I S V-i/7a-y ^ 6 2iF«3OWl0. 8/tm(7X7\ 
±T7-(>i|@0. 2(im) OL/S^AV-^PM 
iA\ tWJv-^PMtbTfflt-'P.nSo 

[0 10 4] $f\ i»SB2 OTtt, J9»3t¥3SP 

l mmm <mmt& i a r k«*s) rtT-<x h 7 * 
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&®)TSo 

[0105]*, ±»«§2 o-ptt, mmfti Ltf 
tffijv-? p Mi mfttttsmj£mm<D&K:mf£tiz 

fffiJv-7 P MO^F^fffiRfuJffcllfiUcX U -y h X 

^^iSS^^T'So 

[0 10 6] ±»=gB2 om <KO£IK£iftSiJ£, 10 
X'J y H&9 OOZtt^faOffig (f ^IAX 
f-^WSTOZffil) fcfilT/tX-r'yT'T'gHL&tf 

9) ^^utietrrso 

[0 10 7] ^LT, ±ffflSB2 0711, tui3»»Jig 

n^ntg^vrftstiSf^tofFM, 0B*fcflgfl»© 

[0 10 8] ±i|5iJ«H2 OT'ii, ZftZOW 

tf«Otr-^©XU -y b«9 OOZtt^ftOfiig (Z& 
SO *\ ^Xh7*-*X{itBt LTi^rTSo 

[0 10 9] iM, ^Xh7*-*X©tfctHfc:R8l/r 
«, X'J7H9 0%, WlxJfO. 1 5/xm©e>y^ra 
PIT, 1 5 SB (X-r-yTO gg^{t£-£So 

[0 110] ^8£ffl^T±fS©^Xh7*- 

y-yM69o*i 3©pg (xx<y7) x-zmnmz.mt 

©IWJffi (08*©xEP) SrSMfcZWtLT^-ffc© 
T'&So H8*txETIT'^?nS 1 3 £<DfF{ffificQft-jf{iJ 
fitg^T, 4 #gfi©5£{«tfJ« C fcg/hrSffilcfc 

So 

[0 111] a>h7XF, jgim V-^y^fO 40 

L©^xh7*-*xffig%fiiaa<> ^osatc 

[0 112] ^Xh7*-£XffiB©ff«Cffl^ 
Snstf-iiv-^LTtt, ±3ffiLfcr3.-T-ri:bl : 
1 ©l/s Mir^x^tf'y^^fio 1 0 

«ss t l m<m±LM, m*.im& l & v- * p m 7 

[0 1 13] SBtt¥*P L<D»afl&R©fcHJ so 
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fi, ^o«t5^LTff 5;: 

[0 1 14] S-f, ±ffrJfPSB2 OTftt, JSRft^P 
L©#8MS»rt<DgaSo£fc:, W^l/V-^ISR FM± 
CDg-A I S?-77D7^6 2rtcD«|Aif|f«liV-^P 
Mi*«S*nSJ:9(C Uf^iWf->*R S T*g|& 

f So 

[0 115] ±M«S2 ot-a, &£©fffijv 
- 7 P M 1 Bt£««©# £ HSJBfc 1 l A<fia«* n 
S.fcSCRlKll^^T^'f:/ K 1 2(c<J;oT J ?-<OBSH^ 

LT±IB^TO^X h 7 * -* XffiB©&tH£ 

[0 1 16] ±$JflScB2 OTfi, fi»3t¥3S 

p Lo^MffrtoS'Joa^tc, U^^;l/V-X«R 

FM±©&A I SV-^7*n7 7 6 2F*3<O01Jx.tfff-SlJV 
-^PMltfKg^ftS^KW^l'X-r-^R S T 
£&I&LT, ±l2#^TO^X h7*- AXfiKO^tiJ 

So 

[0117] fit, ±Mw«@5 oftt, mznrc& 
^xh7^--ax(irBKB^v^r, pjT^©^ttW5aa% 

v- * *is»)t^ p l o#«&MiFrtoaao«iHJ^t 
w^i&^-s-oo, ±iao^x h7*-axfitsoifsij 

[0 1 18] &*5, ff-»Jv-7PMi;LT, XW^IbI 

ft) tt^-n^nn-tf'y^TE?ij^ns20(DL/s 

02-30L/S - VfcH8W3fc I L *H^Bg« UT± 

P L Oftj&KUfcffiM-rs C 1 1 T? t So 
[0 119] tLB^D, MizEtfcA. ia»3tt*3RPL 

o^x h 7 axffiB0&ffl;&tf«&*a#is («s) 
o«m*fT3c t*<T**a 
[0 12 0] mm^P LO^<ffiiKM©^fcH 

[0121] -r&fc-e, co^siRMo^tBfci^bT 

ffifi-TSA I S V-?7n-yX6 2irtfc, YW^IrJK 
Rff^SgHllTTEB^ -Y > S 

884, ^Ux.tt"2ooY$iii^tPiOL/Sv-^, SftWK 

1 /imTHSI^2 /im©Yfl!i^|R]cD^ 1 © L 
/SV-^, ^sfymi iimT-mmtH /imOYWSlRl 
2 CO L / S V- 7 tffj-jfl J v- 7 P M t bTffl V h ft 

§0 

[0122] s-r, Miai2 0fa, i o 



(13) 
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24 



L/S v-**Kf&ft3*3KP LQfflktlcWmtbtZ 
tzlsb, Uf^;l/Xf-v ! R S T ^LT, * 

©Jfctt±fc:ffiB8i«)Sttfc® 1 OL/S v-^©)£$© 
^icnJiSW^/I/T-^V F 1 2*fflV^TIHWiW««» 
$£LT, ^CD®1 ©L/S V-^COl^T, ±j$LfcS 
XF7*-#X{ug©&ffl;£?tl,\ ^©ISHSr^UC 

[0 12 3] ±»8S2 OT'tt, S2CL/S 

^f->'R S T4g»U Z(D%i2<DL/Sj\$-yiz 
±3zELfc^Xb7*-#X{ug©&m£lTl\ 

[0 12 4] % LTv ±$IJ©^S2 Ota, COi^t 

•O^T©^Xh7*-#Xfug©M{cfi'^T, P/t>£© 



10 



[0 12 5] <^*-v&©ag#ffiH©;f$ffl> 

M£©*n^n©iW"?fT*>tiSa 
[0126] tmv— ^ttgwict^Ta^-eftSo » 

** tttfSfc J: * «SfM#tt OH-ilUS * t S* W fc HBrT 
[0 12 7] 

mil 









as; 


Box in Box Mark , 


Box in Box Mark , 




Line in Box Mark , 
L/S-7— > 


Line in Box Mark , 
L/S-7— 9. *'MVS7— 9 




Box in Box Mark . 
*L/S-7~ {7 


Box in Box Mark , 
*L/S-7— £ 



[0 12 8] JSIBft^P LCfg^&tffvXh 

f ^;1/Y-^SR FM±©£A I S7-^7n7^6 2 
I*]© 1 2 0 /imft (tSIJfg^l/4T7XMB±Ttt3 
0/imft) OBOXV-^PMziWK-^PMtL 

[0 12 9] ±W«i2 OT'tt, SIBJt^P 

l owasffrtoasuSK^n^nihaiv-^ p m 2 < # 30 

So 

[0 13 0] ±»J»»fi2 OTtt, JHHrJtt I Ltf 

s^jt^p Lommmftom 1 #B©&t±jjScffi8 

-r«lf-SiJv-^PM2i £^tym£©^«g|5tt©#{;:Hg*f 
H^^Wl-r^o CODES?, ±it«l2 0T'ti, 

PM21' „ -f%:t>%li&3 0 nft<DlE}jBVi<0^ii-y 40 

[0 13 1] ^LT. £«WSP=gg2 om CO» 
PM21' (CttLT, XU-y Ffi9 0±OXU7 h 2 2 a 

W5fllA*|RiK«ftLTXU v h^+^a^BHi 

■P, £»P£S«2 O-Ptt, SKMSPMh" fc»LT, X 
U -y bfi 9 0±©X'J -y 1- 2 2 b*\ X|tt^[SliC^SS 



U£fa«-ra„ ^lt, twangs 2 ot*^ fcsnfc 

ft^fifl^SoVT, mtt'MI&Ofiye&ffi©^^ 
at. 5 -Y XS^ffl^fti >y 5?tfcHJ©#j£ft Hfc <fc 

5, ffflv-7PM 21 ©SiftifiB (X, YffimSg) * 

[0132] mac. ±mmmm2 ot«, a»3t¥» 

P L WfloS 2 iSKdoitfi^i^nf tlfii 
gt^tf-fflv-^PMzi (cftLTt, WMv-^PMn 

Wl/^^;I/7*7i'y F 1 2KJ:oT*OBaW««*»JIS 
LT\ ^ft^WaiLfcXU -y hX+^y^c«fcl?$ 

a (X, Y^UffiB) ^T5fci4>^>o ^-lt, 3i®mmw2 
0W, f#aftfc&^ffi^Co^T©fffiJv-^© 
(X, YffigffiM) ««tt¥£PL©tt* 

Mf-fXh->3 >©'>*< fcfc-^sm-rso 

[0 13 3] fiU f-<0 3 0 /irnftO/^-y®PM 
L/Sv-^»i:^5) PMi^£fHfliJv-£PMi:L 

Tfflvntfa^c laiofctt, ccoj;5^f)-)a'Jv-^p 
utD^rmmmj^mic, xu >v h«9 o±K:*ott 

SJv-^ PMOSHi PM" *^Bfi8«tlfe«J8^*n 

[0 13 4] SWJE^RP LOSW 
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B (X, YffifflfflH) frC.SIB)t^3SP Lco-rVXh- 

wmmnm. (x, Yffi«flc«) ^oifM^c 

jSfcfcttSttHlv-^olgflMM (X, Yffil&B) i: 
©XYffirtOffifcMaBfc&ffiU ^OtBjhfffiB^e.SK 
ft^p Lof-fXh->3yS«Si:ttfllL 

<0*g^filB (X, Y$«ffiB) ©XYffirtOtgftffiB* 

tfcffi*fi : *.&f&v\, co^^ctst, 7xmx 

r-v'WST U'j7h2 2a, 2 2b) ©fuB^ffS'J 
-rs<}x/vFj$ff-3 1 fCF'^F&ifA^CTVrfcfcL 
Tt, a^tfelt^ltfflJv-^O^fuB (X, YM 
HfitB) ©tHBMSSi:, ^j£fcM©£fc:fctt3fH»Jv 
-^©IgflMftB (X, OtH»IS»i:fc, ± 

A- 1 ^ .-(3) 
L1 + L5 
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D !Pl7fc©{RW^$£ffHM^5©T*, ttS!l*OJ2K3t¥ 
[0 13 5] i^l^onviKgoaHttffifefc 

O^TlitS. ^^©fHfM, L/SV-^^fi" 
lilV-^tLTffl^SSlO^iSt^ Line in BoxV- 
^^H-S!|v-^i:LTffiV>S^2©7?ai:*M^W^ 

[0 13 6] (Hi ©£80 «*{*W«fcJ:tK 

^mshm^©* L/sv-^t 
©#M^©s^£S-fJSiSfc&s4iT&£= wix.tf> 

01 lC^tlSO. 2(imL/SV-» (tsu-ffi) © 

fiSg07^"^^-yO«L U L5^T, #© 
(3) iSoia(C/gS^n§o 

[0 13 7] 
C«3] 



[0 13 8] Att)B«3%*»l*<ta»)tt¥3R (HIBUV 

X) teat n-sttftgT-sSo 

[0 13 9] Sffl«H-»I»i:teV^TfcCOJ:7SL/S^ 

?->{i©s§*sgm^£itSfffiJ-f s z ttfmxiZo c 

©*§£■&, X^Xj£EJ:3X-y->l$ffi©^j£S:fflV>n 

[0 1 4 0] WT, co«gmfi©H-iJ£J;?.nviR 

fi, bf-^;l/V-^^SR FMOSA I SV-^7a'V ? 
6 2rtlcB2fi$n/j:Px.{f'7l'>'i|i0. 8/tm (7X/\ 
g±t*0. 2/zm) Tfj- r-Ctbl : 1 ©Y|fc£|qHC 
^Wtt^^f S L / S *#V-?tfff-jiV-£ PMtL 

[0 14 1] u©*g\ ±$iJffll^B2 0?li, fuMLfc 
§$-f-CXh-v'3 >fHi©i^fclRl1i©3«T% Jgfg 

ttiijv- ^ osH«*JK^tf«!J u ^n^'no^fifi 

^fcX7^Xl^;l/fc©3&££**i€ti3£&, ^©;}<46 
P>ftfc3&£©Yffi& (XliXSl) ft^SraiPM' © 

ymm^xfti^mmmnm (4) 



[0 1 4 2] 46, £^v-*PMtfff9*.tf 5*05 
sfy;W-y%-BtsMiL : &<DL/S>W-y-et(> t ). SSH 

^TtfiVo 012icii, £©JSJ3tfflJv-?PMz£ 
ffl^fcif-a-C. XU v hUQ 0ifcjSffltffl.lv-* PM 

[0 14 3] C^mPM?' tt, Kl3fC^n« 

ff ;/^*-y© t? -y ^fcftjSf £ffl*f£ 0 . 

4 /imvf'y^©ji«^ oi i m*mmmf&ft) f 1 

fc, &L/S^-y©3>ft©tI(C#jS-f3H2g*Ji 
40 (5*©?-i')!l^&l.?-^^l'-7'OS3i^7f) 
2 i:^t5. 

[0 14 4] fi£oT, ±Wgf2 OTIt MiEtlHiai 
£R3»ff-I0%fT-3T, ti-IiJv-^PM2©^ 
Hff PMz' tMfS-rs^ltM^^tffctlnt, 

so T'fiO. 4 ftm) t S^OV-^A^&S^-^W- 



(15) 



&m 2 0 0 2 - 1 9 8 3 0 3 
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ftDmm^yf- (±©W7«3. 6/im) ©tW±SH» 

[0 14 5] Gg2©73?£) 3VlRM©i§2©a!l 
S^ffiK:'OV>TiiWr*o C©?jiST*«, tf-fflv-^p 
UtLTlt, fujZELfcLine in BoxV-^/ P M22 t)M^ 
Ztl&o C(D-7-^PMz2 (i, 01 4t^^tlS<fc'5 
{C N 1 1 ($|*Jf D 1 = 1 20/im) ©EM^ 

iRfcT'frO 1 ffl^D 2 (#J*Jf D 2 = 
8 0 |im) £DIE7aJg<DX^-X/^-> 0PID 3) tfjg 
titenrc-r—ZT'&Zo cov-^PMzz *<^x/n±{;: 10 

£©>W>£2 0 /imft©iM}itf|fp$KB/£2ns„ IHif 
{± Ofeg/N. A. ) /2J.;TFefi©*:2fc-fS<l fctf 
BSL<, fi£oTD3ti, ^(OA^ATn&tt^^h 
*liLl\ ®i;ttf\ D3(i, 0. 4/imfc^n5o 

[0 14 6] cLOLine in BoxT— £ P M22 * % 
«0»sa»3t^Tte«-rs J: 5 t 

[0 14 7] ^CT\ ±M»at2 0T?«U MifiLfcft 
¥^P LO#»S!FrtolBSo*ffljiSfc:EB*nft*v 

1 , XU^;l/t©32^tS-^VT^V-^PM 2 2 

[0 14 8] ±aa©if-a-tC*5V>T, XU-yb«9 0±© 30 
X'J >y h 2 2 a , 22b ©@S^_k, #fffiJ7JlR)©xy y 

o*v^^y/^->t > l?ilxa'«o. 4~o. 6 /z 
4 o pmwm T•M^^cfc^r (x«±T) jm© 

l#7CV-^\ |?iJ*(fM)f L7cV-^PM6 (XtiPM 
5) ^if^ftSlJV-^PMtLTfflVTtaVo 
[0 1 4 9] 0 1 5£«. C©<j;5^:H-»Jv-^PM6 

^StlTV^. C©H 1 SScfc^T, D4ttl0(i 
m, D5&0. 1—0. 1 5/imT$5„ C©^^ 

[0 15 0] mm, EOltt., ltiWStt5:|Bl±t5 
fcto, HI 6©£9&il9SLKB£ftfcff$iJV-^© 

[0 15 1] OTriz-fey (fflmgRPLor 

l"t^h l Ji'f-r) ©fflfe/jffiCO^T&BirrS,, so 
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[0 15 2] Mfb-irXi, Sffiitff7*-*XH: 

tt^ECiS^-g-tt, Box in Box Mark££t/>te;*; L / S 
V-^idlV^n, ^Xh?*— #XffiB, +1 |irag 
Jt©r7*-AX^H, -1 /img|[Of7*-AXfiE 
■©3j£tt?, «UF*lB3fc*fr</\ fftfuBt^-AX 
ffiB©II«*H-SIU BBW-rU-by (= (ftOSWfta 

/f7*-*xi) ) ^fmcrack^fTtenso sn 

mm) *&7*-fiM±LWT:WMu wm^-v^y* 
[0153] ctntmcwmzt, L<D 

7jfa (ZW^Ifll) (cHI-^SIlfigT-XU'y hX^-V^ 

SST, w-»v-^PM<osia«!*n-jwrao -r&fc 

^HStMbTX'J 2*tiMWfJ:^SLTX 
U -V h 2 2 *^Lfc^7 l c-by+f 2 4 TftmS^LTS 

^P L©^a«B ; rt©S2©1ttti^fctf-jSiJv-^PM 

7j[R]©ll2ffiST'H-)SiK-^PM©^^XU 7hX 
+ ^ IT, X'JyME2 2 (XU 

OW-SMS** 4 6* 6n*fflB«© X Y ffi ft ©*g«ffi« 
fc> XU>yh«2 2 (XU7h*9 0) ^ZW7J[rI©S 

2tiLWic&z£2 ©^^^©n-so^*^ e n a ^ 
di-rao 

[0 15 4] fiRJt^P L©W5eilWrt© 

1 ©^liliSfcfiEg^-Srcttjlijv-^C^P^ff^ZliiTj 

f>n5$iiox Yffirt©^{5K cm i nmmiiW) 

fc> S»7t¥3SP L©W^IS ; rt©lg2©^tH^tc{iiB 
v- ^ coQFSMte Z M7?[r1©® 2 fiBfcftjS 

■r s ffi T-itPJ l few-sues* s ft e. n«ffim«o x y 
mmmmitLm (»2©tg«ffi» t©ffi«f]iBK^ 
-r&frisig i <D^mimtm2 <D&Bimtmmm 

^T, fiaB^^PLOxHryhUJ/r-r^Wai-r 

«o c©fcfe, 9mm i ©*s«ffi«, ig2©*sftffig 

©ttSiJK^L, *x/vF?*Wt3 1 KU7 h^*^CT 
l^TfeSl 0«e«ffiH, S 2 ©e#fitB©H-«*K \t 



(16) 



^FM 2 0 0 2— 1 9 8 3 0 3 
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[0 15 5] COif-a-iCfc^T, WZK¥3kP LCfSiS 

M7'J <y M£9 0©zfeg^ML&tf e.^©tWJv 
-^©^fi^xy >y hx*+y^£T-fffiU SUB® 

©IfeftfuB OgftteB) £&7*-£XffiB(co^TH- 

a-rs^-a-^tt, ^MSj^^-^xftBort'Dffis© 

i:fi^7 * - fs xfuB W^otf-IJv-^o^mo x 

[0 15 6] CKDJf^cfeVT^ S*f7*-* 
XfefiSr^X h 7 *-#XffiB<Difi${;:^gLfci§-&{C 

a, ^o+z«j, -z«o*n j emy>4<i:fcftijia 

© Z fitBT-S^Tt^S P L ©W86ft»rt ©8H&©tftffi£ 
SCIHB2 nfctf-Sfl v- * o^h#<d X Y ffi MtLW^WM 

[0 15 7] ^xb-trVOti-SO^IgLTtt, b 

v- * jfcjsiett^ p l ®a»o«uj £ t 

'J-y M£9 OOZfuB^MLT, llMWJLTfc&V 1 

(cfii^?n« w^/bv-^tsR f utmgkmm 

v- * ©ISftfuB^X 'J7hfi9 0OZ tfc«*g H L 

[0 15 8] m:f¥«citffiL/cJ;7f;:, *HSSffJHK 
bf^l/Xf->*RSTia-3t, PUHfel L 
tc J; o rmm"im*t2i&ft&% P L OtKMiMjSMiB ao 

afcfflv'6n*fflwwo«-aT-*PMi~PM2«s 
oi/^-rn^feffiBs^sct^-efra. c©fc©, son 

ft I L%H-SIV-^PMfcBgi*U ^©ffiflJv-^PM 
1~ P M2Z^©«*S«tt39K P L <DftflJ»^«^^ 

[0 15 9] HfWHCfi, ±»?SilB2 OT'lt 0!l*ff 

i: fc -a& flaw s n, fif^^m p l tc «t t * o« <n 
- ->*w s t *B»-r 5 , x u -y h x+ * y <D^mm 

Iftt, &Q*77^^yb^ALGCD-s-X7t'y|tiil^ 
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m £> frK * 3 *^JBBffi-Ctt, iMSUgS 2 0 fc J; 

[0 16 0] 0Utf, ±!WfflgB2 0T*li« ^Xh7* 

ffiB^ffi^ (6 0 a, 6 0 b) t>X 
(SftiiS?) ©&ffitttfj©*7-fe'y bS/g, £3 
v>aHj±rffiBOS^^©*+ U7U->3 y^riaWfi 

[0 1 6 1] Sfc, ±MfflIgg2 OT'lt ®Ei§fSk -r 
ltt©^UVX*^H^©ttfcfttt1*iE**ftLT)fc 

[0 16 2] Sft, ±»«S2 0T*«, ±IBO,TOx 

u-byoW-SSISftKa-^vT, Sill orto^gi^cD 
[o 1 6 3] ±sjffliSB2 om ±ta©^-x 

[0 16 4] 4*, ±SiJH»B2 OTtt, ^TOttiJtc 
^Lt, 7x/nXx— >*WST U'J7M9 0) ^# 
±^-^fcS$, bf ^;l/7f->*R S T 
^SRFM) ^|S«tS<, JBS^Ii^XAXf 
-i/WST UU7hfi9 0) RO : bf-^;l/X-r-v'R 

[0165] *%imm<Dmmm 1 o otcj;^^, ± 

3$ Lfc-^-X 7 -Y >ft»JK «fc D ^-X 5 > g»«iE 
Snfe75W^yb3fiALG*ffl^T«iaa<, ^X7n 
7U*y\- (EGA) ^ffbtl, Sfe, ^SS^Bt 

tea, U7*iy— a v^a^ateff t>nfc^«^ 

{4B*£ffl£ (6 0 a, 6 0b) ^rfflV^T, 'JiAWCt 

»iRM!b'i«S!SCSISESnfcfi«Jt^P L^LTb 
9 L ?;bRcD[5]S&^-ytf7xMW±cD&>'3 >y h^JS 

[0 16 6] ftfe\ S»^3SP LOffifSMSUtt, 

mtx^mmc&wtt^TLzrzib, a»)t^sPLo« 

*W-Siatf J E-0*g*E»cJ<g»«IEtt, ftS^<i«« 
Htft5„ 



(17) 
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[0 1 6 7] *Ct, iWS!2 0«, 7XMW£n 
•y h^ffiT'ST'e-rs^fi:, &n>y h?c8i07x^WOK 
ftatfca, l^;W-^l£R FM, ^fiff«5 9 

V>T Vf" ? ;l/ v- R F M_hOH-jfJV- ^ O^HS 

Ofg^HttiU Sn-yhrtOMfiWOxnOg^ 
sfca, Uf-^;w-*SR FM&tfVf-^RO-^ 
fD77^^>b"7- 5t s <i7x;NX-r— i^WS T±0^ 
ig^OS^v-^OgJ^^&P Lfc^Lrdii^R A 

iJyt^P LOfg*£^IIOffic*f£f?L, O^TttKa 
[0 16 8] Sfc, #^M??il?«fSftl§8 1 0 0*8 

b? 1 ^ ;W H i: Offi&i^^T-o^Mi-ii^fgT* 
TO&agSftSJ^l^^bV-^ISRFMfcffl^Tff 

[oi6 9] iinp.ouf^/i/ii, *ft«i, M4 
t^siini-oBftSBrt x-h o t & fast 

SfftOt7-t'V hffit>cn&Oijfi^fc>ittCftj£Rjt£ 
[0 17 0] fflfc, ft»3t¥3SP LOIRS* HOUSE 

L<&S= #*ffiJgiiOl/^?;l/V-?$R FMT'li, 

TVS (B5#Pffl o i:oi/f^;l/7-^lR 
396 P L©3fe9MStt*fHlU cofHBMgSKS-cJv 
MR FM±©*#^-?©^<t!fffl£:fi : </\ ^©*£ 

[0 17 1] ilcDJSAHc, f/^^igfflOl/f^Vi: 

bo tctt5wt£t>*y*'y f t L-cws-rs&gtf& 

^^;VV-^^R F M±OV-^7 tOSK^Olf-SlJ^m 
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^-TXiJjgfflOUf-^;Uz:±^L.fcR FMti^-a^o 
[0 1 7 2] &*5, ±E»!*»«T?tt, 

fcfc&K, SS^Il^X-r-y^fl^-tirSXx-yr- 7 

10 ^t?f?«. 

[0 1 7 3] Sfc, ±SB«*ifiJgfliTti, *5SH<Ms» 

IIS^il£?/^-:>'£©rr3?£ I flffl©R} , £gB J *\ if 
7, st>*b^^;^v7s^%t**Sjg-r?>fcJ6os^g 
[0174] im^-mmmx^ wmmm 

t LTK r FX^->?V- fyt (2 4 8 nm) , A r F 
20 X^i/Vb— fit (1 9 3nm) ftJf^fflV^S^KO 
^Tl^L-fctf, CtUdSS.-f, gIS (4 3 6 nm) , 
il(3 6 5 nm), F i \s—*f% (15 7 nm) , m 

[0 1 7 5] Sfc, ±f2^M^Tti, Sl^^i: 

tj^o^-rn*ffl^Ttsv\ 

so [0 1 7 6] ft*, ?SaoL/yX^68^tlS!igBJ§7 , 6 
*3R, g!B3t^*PL*R3t«H*#ti:ia*ii*3t^ilI 
B*-rsf:i:t(c, ^Oli«g|5 n a n ^P»*2>b^^^X 
r—>*R S T^7lAXf->*WS T*^SB*ftt 

[0 17 7] iT'UX&mfiffi *K±5ELfclB^ 
40 a 1 0 0*U V-y57*Ig-CffifflLft-r/V*©8BS 

[0 1 7 8] 01 7 tea, r/H7s (I C^L S I HO 
^7 7", ?fc B B ^*;K CCD, *Ka«^-yF> 

TV^o 0 1 7K^^n§J;5C SI*, Xf7 72 0 
l (SttXf'yT") tcfe^T, r^i'^oaffi • ttfllift 

if- (&ms. ^^x^i'xoiHiss^ttH) *tTt\ * 

Xr'yT'Z 0 2 (?77SffZf7y) K*V^ 



(18) 



^Hfl 2 0 0 2— 1 9 8 3 0 3 
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7a, X-r77°2 0 3 (7x^§agXx'y T> Scfc^T, 
[0 17 9] ^(C, Xr'yy2 0 4 (^iAj!llXf7 

? '5 7 Y <fc T7x^±K^cD@ggl|£ffM 

t5„ X-r-y7°2 0 5 (tv VXffiirCX-r >y 

7°) tcfcv^T, XT--y7°2 0 4-?5aa?nfc7xM^ffl 
l^T-r/WXfflYlT^rfT^o C©X^'y7°2 0 5(C«, 

^•»?m t;yf-f>^"ig> RW<v>r-i/y 10 
So 

[0 18 0] gftt, Xf772 0 6 (^1X777") 
fC*5V>T\ X-r'v7°2 0 STftfiSc^ftfcTV^XOiMt 
StUxXK ify\T-XM|Ottg^T9o il^Lfelg 

[0 1 8 1] Ell 8Ktt, ^i#f/WX£*tf5, _k 
f2Xx-y7°2 0 4®l£W&7nHMa^£l"lTV">S„ 0 

1 SKfeVT, Xr-y 7°2 1 1 (KffcXr-y 7°) tfcV 
Ttt^x^cOgffi^KftS-SSo Xtv72 1 2 (CV 20 

So Xx-y7°2 1 3 (lgWXf77) £*3V^T(i7 
x^±cmffifc^*KJ:oTJM-fSo Xr'y7 P 2 1 4 
(^*>1T^ji*X-r-y7') icte^-ftt^X'^'!' 
%fl^5ity= «±OXfy72 1 l~Xx-y7°2 1 4* 

[0 18 2] yx^n-trXeD&apglcfc^T, ±$£0 

1 5 (l/->*XhMXf7 7*) KteVT, 7x/^c!S7t 
mzmstZo X-f-y 7°2 l 6 (gftXr-y 

7°) tfel'-T, ±T*OTLfc'J vy77-f>XfA (® 

9x;M;fiff5„ ^jfc, Xr>y 7°2 1 8 (x>y^v? 
X-r<y7°) lc*5VT, b^Xh WLTV>5gfMW 
cD^OSftigPM^x-y^y^C^OKDSSo *L 
T, X'r-y7°2 1 9 (l/->*Xhi£Xf 77") 

[0183] cnzvMwmxmtwmxmtzmo 
[oi8 4] i^miLttmim&VT'WzwBifi 

Sifcffl^tUf, RTtXg (Xf772 1 6) (C*3^T± 

z%o com, nnm&.<Dfmx<D$.m wmz 
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[JgH£©$jS] U±SiWLfcJ:3f«:, ^^©S^S 
K<fcSt, Wffl©tfaifflIiCI8*ffl^*ci:*<, £«S 
EttSJfcfr act fl^nn i: ft * f: a**<a5 *. 

[0 18 6] Sfc, #58EO)t¥1SttfH8[73 8fc.J:S 

[0 18 7] *f6H£©7V^Xim7j7£C<fcS 
t, r;^X©£jgffi£ft±^S£ t*^#Si:v^ 
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[02] a i <D77-r^>h^s.t>*SHfftffiJ§5©rtai5 

[03] 77^^ ^MtiD^lAiOT^^Vh 
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[0 7] XU -y M£±©XU -y hcoEH^-r¥ffi0T 
[08] XU7bS*l 3©P§ (Xx-yT") fZi^lRl 

fc^ft;£-tf\ ^Ti#e»nrci 3^yb7Xhfo 

■So 

[0 9 ] {g^&tf-rV X h — > 3 y$iJ5£©Bg©x U -y h 

s*^-r¥ffl0t?£So 

[01 0] 7v£ftL/Sv-*fr£j£SfffiJV-*©£ 
HMMWMtfrSIRfc* XU'y h«±£*©2HlfcWBric 

[0ii] 3^ir^<dh i <Dm\y5&ttmw-f%rc&<D 

IT'SoT, bv f Xh^©-^IJ^-r0T^5o 
[012] 5*©L/S^*-y*ffi3£JittT«»e# 

>y h*E±e»J«sn/t«lll*aVr¥iBH'e**. 

[01 3] 01 2t^*ns^ra«*\ 2o(diwj 

[0 1 4] V-^PM 22 £i£*LT^-f0-£;i53o 

[01 5] jatio^-'^'ry^^-vfcSifaoffli/^-i' 
*7cv-*fr6)«*tHav-jrofflB«l*<X'J -y h«± 
[HI 6] HI 50«^01*7C-V-^S«9filyEH 
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